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1. Introduction 

In recent years it has become apparent that dysfunction of virus-infected cells 
occurs by a variety of mechanisms. Cells can harbor viruses and be unaffected, 
with regard to vital functions of cell division or cell differentiation. Similarly, 
virus persistence has been observed in vivo in the absence of any clinical 
illness, and these observations collectively raise the question as to what leads 
to cellular dysfunction in the course of a viral infection. Correlations of changes 
in specific molecular events to alterations in cellular function have recently 
been studied in a number of viral infections. Although a complete review of 
all viral systems studied in this regard is beyond the scope of this review, basic 
mechanisms highlighted by specific viral infections will be discussed such that 
many mechanisms by which viruses cause central nervous system (CNS) dys
function will become evident. 

2. General Considerations 

Viral infections lead to cellular dysfunction or death by any of the follow
ing mechanisms. 

2.1. Direct Cytolytic Effect 

This can be secondary to impairment of vital cell functions and usually 
occurs late in infection after sufficient viral replication has been established. 
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Such impairment can involve cellular machinery for protein synthesis or res
piration or can alter cell membrane permeabilities such that death of the cell 
with release of infectious virus occurs. 

Impairment of host-cell protein synthesis occurs with a variety of viral 
infections. Often, the impairment is selective in that while protein synthesis 
of viral proteins occurs, there is almost complete cessation of host-cell protein 
synthesis. This is exemplified by infections of susceptible cells by vesicular 
stomatitis virus (Huang and Wagner, 1965). Almost complete inhibition of host
cell protein synthesis occurs within minutes and parallels the onset of synthesis 
of viral polypeptides. The specific mechanisms of impairment of protein syn
thesis are unknown. It has been suggested that incubation of susceptible cells 
with viruses results in early alterations of membrane permeability to protein 
toxins. In studies using HeLa cells infected with encephalomyocarditis virus, 
it was shown that permeability to alpha-sarcin (a protein of 16,800 mol. wt. 
that inhibits protein synthesis) occurred within minutes, whereas uninfected 
cells were impervious to this protein (Fernandez-Puentes, 1983). Also, attach
ment of virus to specific cellular receptors was shown to be necessary for this 
virus to induce cell membrane alterations (Fernandez-Puentes, 1983). 

2.2. Immune-Mediated Cellular Dysfunction 

It is well established that the immune response to a viral infection can 
result in immune-mediated destruction of not only infected cells, but also un
infected cells that have become sensitized during the initial virus infection. 
Such "autoimmune" phenomena are known to mediate delayed demyelination 
in the postinfectious encephalomyelitis syndromes (Weiner et aI., 1973). 

A variety of immune mechanisms, some virus specific and others non
specific, cause immune-mediated injury. Thus, although interferon has been 
traditionally associated with protection from virus infections, sometimes the 
ability to mount a greater interferon level seems to be associated with greater 
morbidity and mortality in experimental animals infected with lymphocytic 
choriomeningitis virus (Riviere et a1., 1980). The specific role of interferon in 
causation of disease was demonstrated by the ability of anti-interferon globulin 
to abrogate virus-induced disease and death (Riviere et a1., 1980). Complement
mediated injury, antibody-dependent cytotoxicity, and T-cell-mediated cyto
toxicity are all various immunological mechanisms by which virus-infected 
cells undergo destruction. Immune-mediated mechanisms for destruction of 
virus-infected cells have been the subject of other reviews (Moller, 1981) and 
therefore will not be discussed here. 

2.3. Cellular Virus Persistence and Impairment of Cell Differentiation 

It is known that viruses can infect cells and remain latent. Although viral 
gene products are seldom expressed by these cells, hybridization studies using 
nucleic acid probes can readily detect the presence of viral genome. The effects 
of the latent virus on cells are not known, but may be important for oncogenic 
viruses where transformation of the cell is associated with the presence of viral 
genome in the transformed cells. 



Viral infection, resulting in a persistently infected state with expression 
of some or all of the viral gene products, occurs in vitro and in vivo. Such 
viruses may be defective in their ability to effectively replicate and produce 
infectious progeny, but often do not appear to impair survival of the 
cell. In the persistently infected state, cells appear normal and can be main
tained in vitro indefinitely. Although effects of virus infection are not read
ily apparent, it is now known that specific differentiation functions of a cell 
can be affected. Examples pertaining to the nervous system are discussed 
below. 

3. Neurochemistry of Virus-Induced Demyelination 

Demyelination induced by viruses is classified under myelinoclastic dis
orders, wherein the myelin, which is normal prior to virus infection, breaks 
down during the course of the virus encephalopathy. Significant alterations 
occur in the chemical composition of myelin immediately preceding and dur
ing demyelination. Primary demyelination from infection of oligodendroglia 
or secondary demyelination due to loss of neurons can occur, depending on 
the specific cell types infected in the brain. 

Most of the information regarding chemical changes in the brain in virus
induced demyelination is available from studies of subacute sclerosing pan
encephalitis (SSPE) caused by measles virus or chronic infection of the nervous 
system of dogs with canine distemper virus. In SSPE, although the myelin itself 
appears normal ultrastructurally, abnormal chemical changes have been noted 
(Norton et a1., 1966). The lipid to protein ratio was normal, but more cholesterol 
and less cerebrosides and total phospholipids were found (Norton et a1., 1966). 
A marked decrease of ethanolamine glycerophospholipids including plasmal
ogens was noted. Cholesterol esters were plentiful in the white matter. Cho
lesterol esters are normally absent in mature white matter and their presence 
is usually indicative of active demyelination (Morell et aI., 1972). 

In BGM cells (African green monkey kidney) persistently infected with 
measles virus, there was a marked increase in the incorporation of radiolabeled 
fatty acids into the neutral lipid fraction (Anderton et aI., 1983). Compared 
with uninfected cells, the increase was up to two-fold for palmitic, stearic, and 
oleic acids and 8- to 14-fold for arachidonic acid. The lipid metabolism of BGM 
cells acutely infected with measles virus was unmodified. The radiolabeled 
fatty acids incorporated into the neutral lipids in persistently infected cells 
were principally associated with the triacylglycerol fraction (Anderton et aI., 
1983). Although there was no significant difference in the incorporation of 
radioactivity into the total phospholipid of uninfected and persistently infected 
BGM cells, there was a large decrease in radiolabeled arachidonic acid incor
porated into phosphatidylethanolamine and to a lesser extent phosphatidyl
choline and phosphatidylinositol in persistently infected cells (Anderton et 
a1., 1983). Stearic acid incorporation was also reduced in phosphatidylcholine 
and phosphatidylethanolamine fractions of persistently infected cells. 

A variety of abnormalities of the hydrolytic enzymes have been demon
strated in virus-induced demyelination and in multiple sclerosis, a disorder 
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suspected to be of viral origin (Allen, 1983). In canine distemper demyelinating 
encephalomyelitis, the severity of demyelination is related to increased activ
ities of plasmalogenase and acid proteases and smaller increases in neutral 
proteases and f3-glucuronidases (McMartin et a1., 1972). Elevated plasmalo
genase activity precedes cellular invasion and the activation of lysosomal en
zymes (Horrocks et aI., 1978). Increased activities of cathepsins A and B, 13-
galactosidase and f3-glucuronidase occur in measles virus encephalitis, Sindbis 
virus encephalitis, and Semliki Forest virus encephalitis (Bowen et a1., 1974). 
Comparison of the neuropathological changes and activities of hydrolytic en
zymes indicates that f3-galactosidase and cathepsin A might be useful indices 
of neuronal degeneration and cellular infiltration into white matter, respec
tively (Bowen et a1., 1974). Furthermore, increased f3-glucuronidase activity of 
infected tissue was a sensitive indicator of cellular reaction to injury, probably 
reflecting proliferation of glial cells. An increase of lysosomal enzymes early 
in infection prior to morphological evidence of cell damage has been reported 
in Semliki Forest virus infections (Mills on and Bountiff, 1973) and mice in
fected with scrapie (Millson and Bountiff, 1973), and probably reflects damage 
mediated through the release of these enzymes. 

4. Neurochemical Changes in Subacute Spongiform 
Encephalopathy 

Alterations in lysosomal enzymes have also been implicated in what are 
now known as slow virus diseases of the nervous system. These disorders, all 
of which are caused by transmissible agents, are characterized by long incu
bation periods (often years) and result in a slow but relentless deterioration of 
the nervous system that is uniformly fatal. Conventional viruses such as mea
sles RNA genome and papovaviruses DNA genome are among a variety of agents 
that cause such disorders, but in a number of disorders that affect man and 
other mammals, the agent remains poorly characterized. Kuru and Creutzfeldt
Jakob disease (CJD) in man, scrapie in sheep, and transmissible mink enceph
alopathy (TME) in the mink all belong to the group of disorders termed subacute 
spongiform encephalopathies. The pathological picture of spongiform changes 
observed by light microscopy is common to all these disorders and forms the 
basis for their common classification. Characteristically, there is a lack of in
flammation (hence the term "encephalopathy") in the affected brain, and sin
gularly there is a lack of immune response to this agent, at least by the con
ventional techniques of assessment of immune response to a pathogen. 

Neurochemical changes in the brain have been studied in CJD in man and 
brains from experimental animals that were inoculated with brain tissue from 
patients with CJD and kuru. Suzuki and Chen (1966) analyzed brains from three 
patients with various cases of CJD and compared them with controls. As the 
disease progressed, the lipid to protein ratio was increased in gray and white 
matter. Quantitative changes in the lipids were also observed. The amount of 
cholesterol remained constant, but the total glycolipid content increased. Phos
pholipids and gangliosides markedly decreased in the brain's of CJD patients. 
The amount of RNA and proteolipid was also decreased. No changes were 



reported in glycosaminoglycans. Recently, studies by Tarnai et a1. (1978) 
showed an increase in the lipid content in CJD brains mainly due to an increase 
in total cholesterol unlike the previous findings by Suzuki and Chen (1966), 
who attributed this increase to the glycolipids. 

Alterations in the ganglioside composition have also been reported in 
brains of patients with CJD (Yu et a1., 1974; Yu and Manuelidis, 1976). Chim
panzees inoculated with brain tissue from patients with CJD and kuru had an 
abnormal content and pattern of gangliosides. An abnormal distribution of long
chain bases in gangliosides obtained from brains of patients with CJD was the 
most remarkable observation by Tarnai et a1. (1978). The C-20 sphingosine in 
gangliosides was markedly reduced. The ratio of C-20 to C-18 sphingosine was 
0.03 and 0.23 in diseased gray matter from two cases compared with the normal 
ratio of 0.84. Severe neuronal depletion and accompanying astrocytosis has 
been implicated as a possible mechanism for the ganglioside changes found in 
experimental CJD (Yu and Manuelidis, 1976). However, recent studies of iso
lated neurons, astrocytes, and oligodendroglia have shown ganglioside patterns 
similar to those of the whole brain, and therefore the explanation for the gan
glioside changes is not readily apparent (Hamberger and Svennerholm, 1971; 
Norton et a1., 1975). It is now known that cultured cells transformed in vitro 
by conventional oncogenic viruses show an altered ganglioside metabolism 
(Hakamori, 1973; Richardson et a1., 1975; Fishman and Brady, 1976). It is pos
sible that similar changes occur in CJD brains in vivo. 

A variety of alterations in brain enzymes have been reported to occur in 
brains from patients and animals with subacute spongiform encephalopathies. 
In mice with experimental scrapie, a selective increase in the levels of a number 
of glycosidases including J3-glucuronidase was observed prior to the onset of 
clinical or morphological signs of cellular damage (Millson and Bountiff, 1973). 
Recent studies on brain glycosidases in CJD also indicate increased activities 
of J3-glucuronidase and J3-galactosidases in gray matter (Annuziata and Federio, 
1981). The role of these hydrolytic enzymes in the pathogenesis of these dis
orders remains unknown, but their alterations prior to visible evidence of cell 
damage could implicate them in the pathogenesis of these conditions, rather 
than being the result of injury or cell death. 

Besides these changes in hydrolytic enzymes, alterations in the activities 
of NAD diaphorase, acetylcholinesterase, and glycosyl transferases have also 
been reported to occur in CJD- and scrapie-infected mouse brains (Friede and 
Dejong, 1964). Thus Freide and Dejong (1964) reported significant decreases 
in NAD diaphorase levels in various regions of CJD brains. Using microhis
tochemical techniques, diminished activities of acetylcholinesterases have 
been demonstrated in brains obtained at postmortem from CJD patients (Pope 
et a1., 1964). Increased activities of glycosyl transferases occur in brains from 
scrapie-infected animals (Suckling and Hunter, 1974). Altered activities of gly
cosyl transferases have also been reported in virally transformed cells and brain 
explants from scrapie-infected mice in vitro (Haig and Clarke, 1971). Whether 
the alterations in glycosyl transferases observed in scrapie are a result of a 
virus-induced transformation of brain cells remains to be determined. 

Alterations in the plasma membrane and synaptosomal membranes occur 
in patients and animals with subacute spongiform encephalopathies (Lampert 
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et aI., 1971). Ruptured plasma membrane and curled fragmented membranes 
contained in membrane-bound vacuoles have been identified ultrastructurally 
in these brains, and have been suspected to harbor the infectious agent (Lampert 
et aI., 1971). Electron spin studies in scrapie suggested early alterations in 
protein distribution within the synaptosomal membranes and rigid membranes 
in the late stages of this disorder (Viret et aI., 1981). By contrast, brain explants 
from hamsters infected with scrapie showed a significantly greater percentage 
of cells capable of capping with concanavalin A and suggested greater fluidity 
of cell membranes (Rutter et a1., 1981). These differences may well be related 
to differences in the cell populations studied in different stages of these dis
orders. Their role in the pathogenesis of the disease remains speculative. 

Correlation of the various chemical alterations with structural and func
tional changes in CJD has been done by microchemical studies of various layers 
of the cortex from brains of patients with CJD by Bass et a1. (1974). Neuronal 
loss preceding astrogliosis could be shown by analysis of the DNA and RNA 
content of various layers of the cortex. Although the DNA and RNA contents 
were normal in the unaffected superficial cortical layers, RNA content per cell 
was significantly lower in layers 3, 5, and 6 where patchy neuronal loss with 
minimal astrogliosis was observed. The diminished RNA content per cell was 
attributed to the marked decrease in the ribonucleoprotein particles and cis
ternae of the endoplasmic reticulum in neurons that had normal Golgi appa
ratus, mitochondria, and neurotubules. The decreased cerebroside content was 
probably due to secondary demyelination due to neuronal death. The mech
anism of functional alterations that occurs from these structural changes re
mains speculative. Gangliosides have an important role in ion transport and 
transmitter release functions. Changes in ganglioside metabolism could inter
fere with neurotransmitter release and result in neuronal dysfunction (Clowes 
et aI., 1972). Hamsters with scrapie show hypersensitivity to central seroto
nergic drugs and have significantly decreased brain serotonin content unlike 
control animals (Rohwer et a1., 1981; Goudsmit et a1., 1981). Whether these 
changes are related to ganglioside alterations is not known. 

5. Virus-Induced Alterations of Homeostasis 

A novel way by which viruses cause disease has recently been described 
in experimental infection of mice with lymphocytic choriomeningitis virus 
(Oldstone et aI., 1982). Following neonatal inoculation of a relatively noncy
topathic strain of this virus (Armstrong strain 1371), stunted growth and early 
death of C3H/St mice occurred (Doyle et aI., 1980). The cause of death was 
uncertain, but believed to be metabolic since histopathological examinations 
of all organs were normal. Viral antigen was readily demonstrated in the 
growth-hormone-producing cells of the pituitary and impairment of production 
of growth hormone was observed in vivo (Oldstone et a1., 1982). Hypoglycemia 
concomitant with the growth hormone deficiency was identified. The specific 
mechanism whereby cell differentiation and secretion of growth hormones was 
impaired remains unidentified. 

Experimental virus-induced endocrinopathies are known to occur with 
Coxsackie virus (diabetes mellitus), encephalomyocarditis virus (diabetes mel-



litus), and reovirus type-1 (polyendocrinopathy). Direct cytolytic effects or au
toimmune-mediated damage of selected cells form the basis of these virus
induced dysfunctions (Craighead, 1975; Onodera et a1., 1981; Haspel et a1., 
1983). Although Coxsackie virus has been implicated in human juvenile dia
betes mellitus (Yoon et a1., 1979), viral etiologies for other human endocri
nopathies have not been studied. 

6. Virus-Induced Impairment of Synaptic Transmission 

Impairment of synaptic transmission has been postulated to occur in some 
neurotropic viral infections. Following the intracerebral inoculation of hamster 
neurotropic measles virus into weanling BALBlc mice, the majority of animals 
exhibit signs of an acute encephalopathy that is usually fatal. The infected 
brains have abundant viral antigen, but lack necrosis or inflammation. The 
mechanism of CNS dysfunction remains unknown, but localization of viral 
antigen to the postsynaptic terminals could be readily demonstrated (Pottels
berghe et a1., 1979). A similar postsynaptic localization of viral antigen or viral 
particles has also been demonstrated for the JHM strain of coronavirus and 
rhabdovirus (Knobler et a1., 1981; Greenstein et a1., 1981). Although viral an
tigen is seldom observed presynaptically, a trans synaptic spread of virus has 
been postulated. Cultured neurons infected with vescicular stomatitis virus 
(VSV) and maintained in vitro in the presence of antiviral antibodies dem
onstrate virus budding from postsynaptic sites directly onto coated pits and 
vesicles on presynaptic membrane (Dubois-Dalcq et a1., 1980). It is well known 
that coated pits and vesicles are involved with reuptake of synaptic vesicle 
membrane and trophic factors, and therefore it is possible that competition for 
uptake mechanisms by viruses could result in dysfunction of synaptic trans
mission. 

Alterations in the metabolism of neurotransmitters occur in the wake of 
viral infections. An increased content of homovanillic acid and 5-hydroxyin
dole acetic acid has been reported in mouse brain during infections with herpes 
simplex, vaccinia, pseudorabies, rabies, and neuroinfluenza viruses (Lycke and 
Roos, 1968, 1972; Lycke et a1., 1970). Increased rates of turnover of dopamine 
and serotonin have been observed. Similar observations have also been reported 
in Venezuelan equine encephalitis in which a significant increase in the con
centration of brain dopamine and homovanillic acid was observed (Bonailla 
et a1., 1975). The mechanism of virus-induced turnover of monoamines is not 
understood, but the rise in monoamine concentrations could be accounted for 
by the increase in activity of tyrosine hydroxylase (Levitt et a1., 1965), the rate
limiting step in catecholamine synthesis. 

7. Virus-Induced Alterations of Neuronal Plasma Membranes 
and Cell Surface Receptors 

A variety of neurotropic viruses induce cell fusion in vitro and in vivo. 
Examples include visna virus, myxovirus, and paramyxovirus. Viruses inac
tivated with ultraviolet irradiation are capable of inducing cell fusion, a phe-
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nomenon known as "fusion from without." By contrast, "fusion from within" 
results from alterations in cell membranes induced by changes that occur in 
an infected cell during virus replication. 

Several mechanisms have been described for fusion of biological mem
branes. Fusion of protein-free phospholipid vesicles has been induced by al
teration of divalent cation concentrations (Ca2 + or Mg2 +) (Papahadjopoulos et 
a1., 1977). Lysolecithin has been shown to induce fusion of cell membranes of 
chick erythrocytes (Martin and MacDonald, 1976). Changes in lysophospho
lipid concentration and phospholipase activity have been studied in cell lines 
infected with measles virus (Suzuki and Matsumoto, 1982). There was a close 
correlation of the magnitude of cell fusion and the release of lysosomal phos
pholipases A1 and A2 into the cytosol. Hydrolysis of endogenous phospholipids 
in the plasma membrane to the lysophospholipids was followed by incorpo
ration of lysophosphatidylcholine into the cells and conversion to triacylgly
cerol, phosphatidylcholine, and phosphatidylethanolamine during cell fusion. 
An extensive accumulation of triacylglycerol was also observed. The precise 
role of the viral glycoprotein (fusion protein) in mediating fusion of the lipid 
bilayer that has undergone perturbation following the changes in the phos
pholipids remains to be defined. Nevertheless, it is clear that viruses can mod
ulate the lysosomal phospholipase activities and marked changes in lyso
phospholipids occur concomitant with the process of cell fusion. 

Impairment of transmembrane signal transfer by hormones or neurotrans
mitters occurs following infection of neurons or glia in vitro with a variety of 
viruses such as measles, canine distemper, rabies, and lymphocytic choriom
eningitis (Halbach and Koschel, 1979; Munzel and Koschel, 1982). Generation 
of 3'5'-cyclic adenosinemonophosphate (cAMP) prior to and following estab
lishment of persistent infection with measles virus was studied in C6 rat glioma 
lines following stimulation with j3-adrenergic agonists. Although a lOoo-fold 
increase of 3' 5' -cAMP occurred in uninfected cell lines, less than half that 
increase was generated in infected cell lines. The defect was shown to be sec
ondary to loss of functional adenylate cyclase units rather than to alterations 
of activity of single enzyme units (Munzel and Koschel, 1982). The effects of 
persistent virus infection on the j3-adrenergic receptor remain to be studied. 
Similarly, alterations in the cholinergic system have been shown in neuro
blastoma cell lines persistently infected with lymphocytic choriomeningitis 
virus (Oldstone et al., 1977). 

Cellular glycoproteins on cell surfaces that mediate various normal bio
logical functions can sometimes serve as receptors for viruses. Acetylcholine 
receptors on cultured myotubules in the mature muscle were shown to mediate 
attachment and entry of rabies virus (Lentz et al., 1982). The binding and sub
sequent infection by rabies virus could be blocked by pretreatment of muscle 
with bungarotoxin that binds irreversibly with acetylcholine receptors. This 
provides a mechanism by which the virus replicates in the muscle and spreads 
through the neuromuscular junctions into peripheral nerves and possibly ex
tend transynaptically into the central nervous system. 

Infection of susceptible cells by viruses can sometimes lead to induction 
on cell surfaces of new receptors not previously present. Herpes virus infection 
can result in the expression of receptors that bind the Fc fragment of immu
noglobulins. The biological significance of such receptors is unknown. 



8. Reye's Syndrome 

Reye's syndrome is a metabolic encephalopathy seen primarily in children 
(Reye et aI., 1963). The etiology of Reye's syndrome is unknown, but viruses 
have been implicated because the disease most frequently follows upper res
piratory infections with influenza or varicella (DeVivo and Keating, 1976). In 
addition to virus, toxins (exogenous or endogenous), genetic predisposition, 
and combinations of these putative factors have all been considered as etiologic 
components of Reye's syndrome (DeVivo and Keating, 1976). The neuropath
ologic observations in Reye's syndrome are rather constant and relatively non
specific (DeVivo and Keating, 1976; Trauner, 1982). Virtually all of the met
abolic abnormalities in Reye's syndrome can be explained on the basis of liver 
dysfunction (Trauner, 1982). Elevated serum transaminases, hyperammone
mia, and prolongation of prothrombin time are the most characteristic features 
of this encephalopathy (DeVivo and Keating, 1976; Trauner, 1982). The other 
biochemical abnormalities include lactic acidemia, elevations in serum con
centration of creatine phosphokinase, hyperaminoacidemia, and organic aci
demia (Trauner, 1982). Brain concentrations of the putative neurotransmitter 
octopamine are markedly increased, whereas dopamine and norepinephrine 
concentrations are decreased (Trauner, 1982). Reye's syndrome patients may 
have increased serum concentrations of short-chain fatty acids (Trauner et aI., 
1975) that are capable of producing coma (Zieve et a1., 1974). In fact, intra
venous infusion of the short-chain fatty acid octanoate into rabbits results in 
the major clinical, biochemical, and pathological changes found in humans with 
Reye's syndrome (Trauner, 1982; Trauner and Adams, 1981). Thus, fatty acids 
are potential endogenous toxins in this encephalopathy, either alone or in com
bination with ammonia (Trauner and Adams, 1981; Brown and Madge, 1972). 

Several of the hepatic and cerebral histologic and functional abnormalities 
in Reye's syndrome are consistent with the view that a damaging free radical 
or peroxidative mechanism is involved [Jurkowitz et aI., 1974; Partin et a1., 
1979; Lotscher et a1., 1979, 1980). Further, many of the metabolic observations 
made in Reye's syndrome suggest that pathways normally involved in either 
peroxidative or free radical generation are stimulated. For example, the high 
levels of serum urate in cases of this disorder (Aprille et a1., 1980) suggest 
activation of xanthine oxidase pathway since the lactic acidosis in Reye's syn
drome patients is not high enough to cause decreased renal clearance of the 
urates. This pathway is known to produce lipid peroxidation in biological 
membranes under appropriate conditions (Lai and Piette, 1977, 1978) and has 
been shown to be increased in other pathological conditions (Tubaro et al., 
1980). Another nearly constant feature of Reye's syndrome is a rise in free fatty 
acids and an increase in hepatic triacylglycerols (Pollack et aI., 1975; Manunes 
et aI., 1974; Ogburn et aI., 1982). This, together with the observed increase in 
liver peroxisomes (Bradel and Reiner, 1975) may give rise to hepatic peroxide 
or free radicals since peroxisomal beta-oxidation of long-chain fatty acids uti
lizes an NADPH oxidase that reduces oxygen directly to hydrogen peroxide 
(deDuve, 1978). Parenthetically, it is also known that hepatic peroxisomes me
tabolize long-chain fatty acids, but cannot break them down further than bu
tyryl-eoA or perhaps hexanoyl-CoA (Osmundsen et al., 1979). Normally, liver 
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mitochondria have no difficulty in oxidizing short-chain fatty acids, but in the 
event of mitochondrial damage and increased peroxisomal activity due to en
dogenously produced deleterious agents or toxins, fatty acids, possibly of short
and medium-chain length, could accumulate. These fatty acids, as mentioned 
earlier, along with ammonia can be extremely toxic to osmotically sensitive 
cell compartments. In fact, it is well known that fatty acids (e.g., arachidonate) 
can cause brain cortical swelling under proper conditions (Chan et aI., 1980; 
Kontos et al., 1980). This swelling may be due to the free fatty acid itself, 
lipoxygenase or cyclooxygenase products, or to nonenzymic free radical per
oxidation. The latter possibilities are most attractive since it is known that 
nonsteroidal anti-inflammatory agents can stimulate lipid peroxidation in the 
liver (Pennington and Smith, 1978). 
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