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Summary

Continuous infusion of the short-chain fatty acid sodium octa
noate into rabbits produces pathologic changes after 4 h. Principal
abnormalities include microvesicular fatty accumulation in liver,
and to a lesser extent in kidney, heart, and lungs. Ultrastructural
changes include swelling and pleiomorphism of mitochondria in
liver, and less consistently swelling of astrocytic foot processes in
brain, suggesting early cerebral edema. These changes are similar
to the pathologic abnormalities observed in patients with Reye's
syndrome.

Speculation

Infusion of the short-chain fatty acid anion, octanoate, into
rabbits reproduces the major clinical, biochemical, and pathologic
changes observed in Reye's syndrome, and thus serves as a suitable
experimental model for the human disease.

Reye's syndrome (10) is an acute metabolic encephalopathy,
which occurs primarily in children although recently adult cases
have been recognized (16). Clinical features include an antecedent
viral illness followed by vomiting and progressing rapidly to
delirium, coma, hyperventilation, and seizures. The disease has a
significant mortality rate despite advances in supportive care.
Biochemical abnormalities include hyperammonemia, elevated
liver enzymes, prolonged prothrombin time, hypoglycemia, hy
peramino-acidemia and short-chain fatty acidemia (6). Pathologic
changes consist primarily of microvesicular fatty accumulation in
the liver, liver mitochondrial swelling, and cerebral edema (6, 9).

The underlying cause of Reye's syndrome is unknown. Thus no
specific treatment is available. An animal model of this disease
would allow for testing of new treatments. Because of the observed
elevations in serum short-chain fatty acid concentrations (8, 13) in
these patients and the extensive fat accumulation in the liver,
infusion of the short-chain fatty acid sodium octanoate into ex
perimental animals was used to try to develop an experimental
model.

MATERIALS AND METHODS

Male 2-kg albino rabbits were anesthetized with sodium pen
tobarbital 5 mg/kg. Catheters were placed in the carotid artery
and ear vein. Heart rate, respiratory rate, blood pressure, and
electroencephalogram were monitored continuously during the
experiment using a Grass 4-channel polygraph. When the animals
awoke and vital signs stabilized, intravenous infusion of 0.2 M
sodium octanoate pH 7.4 was begun. Blood was drawn hourly for
biochemical studies as described previously (14). After 4 h of
continuous infusion of octanoate, the animals were given a rapid
intravenous injection of 100 mg pentobarbital. The heart was
exposed and the rabbits perfused first with normal saline and then
with Karnovsky solution. Liver and brain were removed and
prepared for histologic and ultrastructural examination. Heart,
kidney, and lungs were also removed and examined histologically.
In some animals, sections of these organs were removed before

perfusion for frozen sections and oil red 0 stains. Brains of some
rabbits were removed before perfusion for determination of octop
amine concentrations using the method of Saavedra (II).

RESULTS

Physiologic changes. During octanoate infusion, rabbits devel
oped hypotonia, coma, and pupillary dilitation. Seizures were
observed in approximately \<, of the rabbits (Fig. 1). Significant
hyperventilation with respiratory alkalosis developed during oc
tanoate infusion (Table I).

Biochemical changes (14). Blood ammonia concentrations rose
300%, from a control mean of 39 ± 5 flg% to a 4 h maximum of
119 ± 44 (P < 0.025). Serum glutamic oxaloacetic transaminase
(SGOT) rose 143% from 46 to 66 but this was not statistically
significant. Serum lactic acid concentrations rose 183% (1.73-3.16
flM/liter, P < 0.025). Brain octopamine concentrations rose from
a control mean of 4.22 pg/flg protein to a 4 h mean of 12.61 (P
< 0.005).

Pathologic changes in liver were found after 4 h of infusion.
The liver architecture was intact and there was no evidence of
hepatocellular necrosis or inflammatory reaction. Microvesicular
fatty accumulation was observed throughout the liver, and pri
marily around the portal vein (Fig. 2A). Vacuolization of the
cytoplasm of hepatocytes was also observed. Particularly in cells
surrounding the portal vein, hepatocytes appeared pale and swol
len. UltraStructural alterations in the liver were confined primarily
to mitochondria, which were swollen, pale and more pleiomorphic
in appearance than mitochondria of control animals (Fig. 2B).
There was a "fluffy" appearance to the matrix. The cytoplasm
contained an increased number of lipid droplets. There was an
increased incidence of autophagic vacuoles in the cytoplasm. No
other ultrastructural changes were noted.

In the brain there was no gross evidence of cerebral edema. The
only histologic abnormality noted was the appearance of early
chromatolysis in scattered neurons of the brain stem, with swollen
cells, peripherally placed nuclei, and displacement of Nissl sub
stance towards the periphery (Fig. 3). Although no consistent
changes were noted on ultrastructural examination, occasionally
swelling of the astrocytic foot processes was observed, suggesting
early cerebral edema.

Examination of the heart, kidney and lungs revealed mild lipid
accumulation in these organs and no other structural abnormali
ties.

DISCUSSION

Continuous infusion ofoctanoate into animals produces clinical,
biochemical, and pathologic alterations which are strikingly sim
ilar to those encountered in patients with Reye's syndrome. In
both cases, seizures, coma, and hyperventilation are prominent, as
are hyperammonemia, lactic acidemia, and respiratory alkalosis
(6, 14). Elevated concentrations of octopamine, a "false" neuro
transmitter, have been found in brains of patients with Reye's
syndrome (7). Similar elevations were present in rabbits after
octanoate infusion.
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Fig. I, Polygraph recording of EEG, EKG, and respiratory rate (RR) in rabbit during infusion of octanoate. At I h of infusion, the rabbit developed
clinical and electrographic seizure activity, which lasted approximately 30 sec,

Table 1. Physiologic data during octanoate infusion

Time (h) 0 I 2 3 4

Mean respiratory rate 92 131 150 199 237
Mean heart rate 275 289 305 295 296
Mean blood pressure 67 70 67 66 62
Mean pH 7.48 7,53 7.53 7.48 7.48
Mean P02 95 98 84 80 85
Mean PC02 26 20 16 19 19

Pathologic changes in Reye's syndrome consist primarily of
microvesicular fatty accumulation in the liver, mitochondrial
swelling (9), and nonspecific changes of cerebral edema in the
brain, The experimental model reproduces the fatty accumulation
in liver and mitochondrial swelling, Although obvious cerebral
edema was not observed, ultrastructural evidence of swelling of
astrocytic foot processes suggests that cerebral edema may have
been developing. Moreover, recent studies from this laboratory
have demonstrated that a significant elevation in intracranial
pressure occurs during octanoate infusion (15).

Several other animal models for Reye's syndrome have been
proposed (2-5). The One most closely related to the octanoate
model is produced by injection of 4-pentenoic acid into rats (5).
4-Pentenoic acid is a short-chain fatty acid analogue ofhypoglycin
A (I), the presumed exogenous toxin which causes Jamaican
vomiting sickness, a disorder clinically similar to Reye's syndrome.
Intraperitoneal injection of 4-pentenoic acid (5) produces fatty
accumulation in liver and swelling of hepatocytes, elevations in
plasma ammonia and serum glutamic-oxaloacetic transaminase
concentrations, hypoglycemia in fasted rats and hyperglycemia in
fed rats. Free fatty acid levels do not change after a single injection
but decrease after repeated injections of pentenoic acid.

Although this model reproduces some of the abnormalities
found in Reye's syndrome, there are several problems which make
it less desirable than the octanoate model. 4-Pentenoic acid is not

a naturally occurring fatty acid in humans, whereas octanoate is;
furthermore, serum octanoate concentrations are elevated in pa
tients with Reye's syndrome (8). Thus far there has been no
evidence of 4-pentenoic acid accumulation in the human disorder.
Finally, in contrast to patients with Reye's syndrome, total free
fatty acid levels in pentenoic acid-treated rats do not rise signifi
cantly, and in fact decrease during chronic studies. The authors
suggest that it is unlikely that exposure to pentenoic acid or related
compounds causes Reye's syndrome, but rather the two conditions
share similar biochemical defects. One effect of pentenoic acid is
to block fatty acid oxidation (5). Although specific short-chain
fatty acid concentrations have not been measured after pentenoic
acid injection, it is possible that this block in fatty acid oxidation
leads to accumulation of fatty acids such as octanoate, which in
turn produce the clinicopathologic syndrome observed in the rats.
In Reye's syndrome the cause of the organic acidemia is unclear,
but one possible mechanism is a block in beta oxidation of fatty
acids e.g., by a virus either alone or in combination with an
exogenous toxin. The resultant organic acid accumulation could
then produce the clinical, biochemical, and pathologic abnormal
ities observed in the human disease. Of significance is the fact that
serum concentrations of octanoate capable of reproducing this
syndrome in rabbits are of the same order of magnitude as those
found in children with acute Reye's syndrome (14). One criticism
of the "fatty acid" hypothesis is that concentrations of short-chain
fatty acids are much lower than those found in patients with
inborn errors of organic acid metabolism such as isovaleric aci
demia (12). However, it is possible that rapid accumulation of
short-chain fatty acids in previously healthy children causes more
toxicity than chronic accumulation of these substances, whereas
children with long-term organic acidemia may be able to adapt
metabolically to these changes.

It is not clear whether the short-chain fatty acidemia in Reye's
syndrome contributes to the encephalopathy and other abnormal
ities found in the disease. At least in this experimental model,
infusion of the short-chain fatty acid octanoate is capable of



952 TRAUNER

Fig. 2A. Thick section of rabbit liver following 4-h infusion of 0.2 M sodium octanoate; stained with toluidine blue. Note diffuse fatty infiltration of
hepatocytes, x450.

Fig. 2B. Electron micrograph of liver from rabbit given 4-h infusion ofoctanoate. Note pleimorphic changes in mitochondria and "fluffy" appearance
of mitochondrial matrix, x 15,000.
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Fig. 3. Section of rabbit brainstem after 4-h octanoate infusion. Note swollen pale neuron with peripheral displacement of nucleus. Hand E stain,
x500.

reproducing the major clinical, biochemical, and pathologic alter
ations found in patients with Reye's syndrome. It may serve as a
useful model with which to study the effects of various therapeutic
agents in preventing or reversing the disease process.
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