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ABSTRACT

The study includes a summary of clinical manifestations, 

biochemistry, and pathology of Reye's syndrome as well as 

potential etiologies and improved modes of treatment. It 

also explores a model introduced by Glasgow and Chase. Rats 

injected with A-pentenoic acid were tested for fatty degener

ation of the liver, blood ammonia and glucose levels. Dosage 

size correlated with ammonia level and clinical observation 

several days following administration of the final dose sug

gests a completely reversible injury. A dose of 50 mg/kg 

injected 10 times every A hr best simulated the pattern of 

ammonia level in patients with Reye’s syndrome. The rats ex

perienced fatty degeneration of the liver, hypoglycemia or 

normal levels of blood glucose. The study further compares 

the potential of this model to other methods of research.
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1
INTRODUCTION

Reye, et al. (1963) first described Reye’s (riz) syndrome. 

Fatty degeneration accompanied by encephalopathy characterize 

this often fatal childhood disease. Clinical manifestations 

lack uniformity, etiologic factors remain unknown, and the 

method of treatment engenders controversy. Several types of 

research exist presently, including the use of rat models, at

tempting to illuminate the etiology of this disease. This 

paper explores the potential of the model of Glasgow and Chase 

as a research tool. It attempts to determine the possibility 

of reversibility of symptoms and absence of hyperglycemia, two 

aspects of Reye's syndrome not fully elucidated in the report 

of Glasgow and Chase.
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LITERATURE REVIEW

Clinical Manifestations

Varied symptoms characterize Reye's syndrome. The pos 

sibilities follow in order of occurrence.

1. Mild prodromal illness lasting 3 "to 7 days (Schubert, 
et al, 1975. Partin, 1975).

2. Recovery (Schubert, et al., 1975)•

3. Severe vomiting spells preceding by several hr the 
onset of other central nervous system (CNS) manifes
tations (Thaler, 1976; Linnemann, et al., 1975; 
Glasgow, et al., 1972).

4. Acute onset of encephalopathy; a noninflammatory CNS 
illness including profound alteration of state of 
consciousness (Glick, 1970.) A patient may worsen from 
Grade I to Grade V or fluctuate between grades.

Grade I: lethargic, confused.

Grade II: disoriented, delirious, hyperventilated, 
responsive to stimuli.

Grade III:comatose, decorticate.

Grade IV: decerebrate, fixed pupils.

Grade V: seizures, loss of reflexes (Schubert, et 
al., 1975).

5. Hepatomegaly universal by second or third day (Par- 
tin, 1975). Elevation of serum glutamate-pyruvate 
transaminase (SGPT) and serum glutamate-oxaloacetate 
transaminase (SGOT) necessary for diagnosis of 
Reye's syndrome (Thaler, 1976; Schubert, et al.,
1975). Prolonged prothombin time (Thaler, 1976, 
Glasgow, et al., 1972). Refer to FIG. 1 (page 3).

6. Rapid increase of blood ammonia during early stages 
(Glasgow, et al., 1973). The level correlates with 
the depth of the subsequent coma. Later values do 
not differ significantly in survivors and nonsurvi
vors (Thaler, 1976; Glasgow, et al., 1972).

7. Occurrence of low glucose value inversely correlated 
with age (Glick, 1970).
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8. Number of cells and protein content of CSF normal, 
but elevation of spinal fluid pressure (Partin, 1975; 
Linnemann, et al., 1975)•

9. Metabolic acidosis and respiratory alkalosis (Nadler, 
197^-; Partin, 1975). Blood plasma experiences an 
increase of free fatty acids (ffa) (Partin, 1975) 
and a decrease in carbon dioxide (C02), cholesterol, 
and triglyceride (Bourgeois, et al., 1971).

10. Fatty degeneration of liver, kidneys, and heart. 
Generalized lymphocytolysis. Increase in both ffa 
and triglycerides in liver, but only triglycerides 
in kidney (Bourgeois, 1971).

11. Death due to cerebral edema (Partin, 1975). Death 
indicators include elevated serum potassium levels 
(Glasgow, et al., 1972; Olson, et al., 1971) and 
vomiting of blood (Olson, et al., 1971). SGOT/SGPT 
value less than or equal to one accompanied by excess 
creatine phosphokinase also anticipates a fatal out
come (Schubert, 1975).

Etiology

--Viruses—

Partin (1975) named Reye's syndrome as the most common 

cause of viral-associated central nervous system disease in 

the United States. Schubert, et al. (1975) noted the increase 

of cases since 19^0 and speculated that it is either a fairly 

new disease or increasing in frequency. Statistics jumped 

from 3 reported cases between 19^0 and 1963 to 6 cases between 

1963 and 1969 to 60 cases in the years 1969 to 197^ in one 

Cincinnati study. A higher frequency of correct diagnosis 

accounted for part of the rise in cases. Doctors found many 

people afflicted in certain areas where the diagnostic index 

of suspicion increased. The majority of children have been 

Caucasian. No socioeconomic factors nor features of past



history distinguished the victims (Glick, et al., 1970). The 

majority of cases appeared in winter (Partin, 1975) character

ized by viral associations including measles, vaccinia, Cox

sackie SI and A9 (Morse, 1975)» E-B (mononucleosis), polio, 

adenovirus or reovirus (Strickler, 1976). Both influenza B 

and varicella (chicken pox) epidemics resulted in a rise in 

the number of Reye's syndrome patients (Rosenfeld, et al., 

1976). Other associations included gastrointestinal or multi

system complaints, nonspecific rash, and simultaneous smallpox 

and typhoid immunizations (Glick, et al., 1970).

Viral cultures from the liver and brain were negative 

(Partin, et al., 1975)* Turel and coworkers (1975) found 

cytoplasmic inclusion bodies in Purkinje cells of the cerebel

lum, indicating a possible host susceptibility to a variety of 

viruses. Morse, et al. (1975) speculated a direct cytopathy 

by influenza viruses secondary to the new production of intra

cellular protein under the direction of the viral genome.

Morse, et al. (1975) isolated cytomegalovirus (CMV) from 

the urine of a patient who experienced an influenza B prodromal 

Illness. They noted no change in serologic titers. Possible 

explanations include that the CMV allowed the influenza B 

virus to work and that the stress of Reye's syndrome caused 

release of CMV present chronically.

Despite the well-documented association between influenza 

B epidemics and Reye's syndrome, only about one case of Reye's 

syndrome occurred among every 1700 children infected with

5



influenza B during the 197^ epidemic (Partin, 1975)./
--Toxins—

Researchers correlate aflatoxin B^ with encephalopathy 

and fatty degeneration of the viscera (EFDV) in northeastern 

Thailand. Aflatoxin is produced by the fungus Aspergillus 

flavus. It contaminates food following seasonal and geographic 

patterns virtually identical to those seen in the incidence of 

EFDV. In one study, doctors found trace amounts at least in 

12 of 13 patients with EFDV and noted that aflatoxin most 

severely affected the young. The possibility of a concomitant 

infectious disease would explain previous acquired immunity in 

older children (Schubert, et al., 1975; Bourgeois, et al.,

1971. Olson, et al., 1971). Despite the similarities between 

EFDV and Reye's syndrome, a unique mitochondrial ultrastructure 

characterizes Reye's syndrome but not EFDV.(Schubert, et al., 1975).

Jamaican vomiting sickness, associated with hypoglycin 

(unripe fruit of the Akie tree bears this substance), resembles 

EFDV and Reye's syndrome. Methylene cyclopropylacetic acid 

(MCPA) metabolized from hypoglycin causes inhibition of fatty 

acid oxidation, and increase in glucose utilization, and def

ective mobilization of glucose from protein. MCPA interferes 

with metabolism of isovaleric acid, usually produced from 

leucine. In rats, accumulation of isovaleric acid in the serum 

is secondary to hypoglycin feeding and MCPA toxicity and may 

be compared to human genetic isovaleric acidemia. In this 

disease, elevation of serum acid with feeding of leucine or

6



excess protein is secondary to deficient activity of degrada-
I

tive enzyme isovaleric acid dehydrogenase. Similar serum 

elevation may he caused by vomiting and starvation secondary 

to acute infection. However, ultrastructure of Reye's syndrome 

mitochondria differs from ultrastructure caused by hypoglycin 

(Schubert, et al., 1975)*

A third possible exogenous source, lipid soluble toxin, 

could be liberated in lipolysis of a viral infection. Likely 

suspects include food additives or pesticides; insecticide and 

viral interaction in a mouse resulted in fatty visceral changes 

and encephalopathy (Schubert, et al., 1975; Strickler, 1976).

In a similar experiment, newborn mice infected with a virus 

and treated with an organophosphate-DDT combination developed 

a disease similar to Reye's syndrome (Thaler, 1976). 

--Salicylates--

Clinical manifestations of salicylate poisoning nearly 

equal those of Reye's syndrome. Symptoms common to both follow.

1. Metabolic acidosis and respiratory alkalosis. Serum 
sodium serum-carbon dioxide content, and pH may be 
decreased (Rosenfeld, et al., 1976).

2. Hyperventilation (Rosenfeld, et al., 1976).

3. Glycogen levels depressed (Rosenfeld, et al., 1976).

b. Elevation of serum glutamic oxaloacetic transaminase 
in plasma (DiPalma, 1965). In 1956, Manso, et al. 
reported elevated transaminase levels in over 50% 
of children with rheumatic fever receiving large 
doses of aspirin (Rosenfeld, et al., 1976).

5. Subnormal yield of ATP per molecule of oxygen con
sumed (DiPalma, 1965).
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6. Fatty degeneration of the liver (DiPalma, 1965).

7. Little or no inflammation (DiPalma, 1965).

8. Acute encephalopathy (Rosenfeld, et al., 1976).

9. Clotting abnormalities (Rosenfeld, et al., 1976).

10. Hyperammonemia (Rosenfeld, et al., 1976).

Salicylate intoxication depresses cellular immunity and 

could theoretically alter host response to viral infection 

though no suppqrting evidence exists (Linnemann, et al., 1975).

Despite the similarities, Reye's syndrome occurs in less 

than 0.1% of those children treated with aspirin for influ

enza B. Furthermore, the unique mitochondrial lesion exists 

only in patients with Reye's syndrome (Thaler, 1976; Schubert, 

et al., 1975).

--Genetic Defects--

Inherited disorders of related metabolites may resemble 

Reye's syndrome in their clinical expression; isovaleric acid

emia, hypervalinemia, branched-chain ketonuria, disorders of 

propionate and methylmalonate metabolism, and lactic aciduria 

might occasionally cause a case of Reye's syndrome.

Possibly precipitating factors such as viruses, drugs, 

agricultural hepatotoxins, and short-chain fatty acids trigger 

an underlying abnormality in ammonia metabolism. Ornithine 

transcarbamylase (OTC) deficiency may explain fatty changes 

in the liver in Reye's syndrome; it causes accumulation of 

carbamyl phosphate (derived from ammonia and CO^) which metab

olizes to orotic acid which blocks triglyceride export from

8



the rat liver and inhibits synthesis of pre-y'- and lipopro

teins (active hepatic lipid carriers) in man. Also, carbamyl 

phosphate synthetase (CPS) may become inhibited by the buildup 

of its product, carbamyl phosphate, causing blood ammonia level 

elevation. Linnemann, et al. (1975) cited a case with a novel 

protein-tolerant form of OTC deficiency in a child with Reye’s 

syndrome whose brother died from Reye's syndrome. They post

ulated such a defect would cause no symptoms until presence 

of an illness associated with anorexia and vomiting. Without 

intake of ornithine, removal of ammonia would be impaired, 

resulting in hyperammonemia. This situation could explain the 

rare recurrent cases. In general, a genetic predisposition 

is hard to reconcile with the transitory nature of the disease, 

the few recurrences, and the potential reversibility of symp

toms. Also, an OTC minor deficiency would require not a single 

gene but a mitochondrial group of genes. Normal Michaelis con

stants for OTC exist in Reye’s syndrome patients. However, 

the report of one set of identical twins with Reye’s syndrome 

indicates that a genetic predisposition should not be totally 

discounted (Thaler, 1976; Schubert, 1975. Strickler, 1976).

Treatment

Mode of treatment is controversial, but its purpose is 

well-defineds rational treatment must be aimed at correcting 

abnormal levels and controlling the brain swelling.

Fairly common methods of lessening cerebral edema include

9



fluid restriction, manitol and endotracheal intubation. Use 

of corticosteroids like dexamethasone shows equivocal results. 

The theory that the therapy decreases lipolysis and therefore 

lowers serum ffa level prompted intravenous administration of 

hypertonic glucose and insulin. The treatment showed equiv

ocal results and several feel it should be discarded. Experts 

also warn against the use of anticonvulsants in those whose 

respiration is not automatically controlled. Excessive sodium 

may also be harmful (Schubert, et al., 1975; Partin, 1975; 

Samaha, et al., 197^; Huttenlocher, et al., 1969; Olson, et al., 

1971).

Treatment to control acidosis includes neomycin, cathar

sis, and protein restriction. Glucose and saline enemas also 

support the patient (Morse, et al., 1975; Samaha, et al.,

197^; Partin, 1975).

Most methods originated from an attempt to cleanse the 

body of ammonia and/or an unknown toxin. Peritoneal dialysis 

and exchange transfusion have experienced varied degrees of

success.

Samaha developed peritoneal dialysis with immediate suc

cess. Eighty two per cent of the first 13 treated in this 

manner lived. It appealed to doctors who could see its theo

retical usefulness in correcting acidosis and providing glucose 

for energy. However, 11 of the next 13 patients treated by 

the same group died (Nadler, 197^; Samaha, et al., 197^).

Originally, exchange transfusion was developed for treat-

10



ment of acute hepatic encephalopathy secondary to fulminant 

hepatitis or hepatic necrosis. This attempt worked on the 

premise that a nondialyzable compound, not ammonia, caused the 

encephalopathy. These patients did not respond but Reye's 

syndrome patients did. The process calls for citrated whole 

blood and replacement of calcium as calcium gluconate. It is 

costly in time (2 to 3 hr) and in blood, but it enjoys the 

best survival rate. The Scribner shunt uses large volumes of 

blood but claims a low infection risk and ease of installment 

in older patients (Schubert, et al., 1975; Partin, 1975; Strauss, 

et al., 1976).

Total body washout involves hyperthermic total body per

fusion with Ringer's lactate solution using extra corporeal 

oxygenation. The process deserves consideration if the diffic

ulty of mobilizing large numbers of personnel can be overcome 

(Schubert, et al., 1975)*

In severe stages of potential irreversibility, massive 

decompressive craniotomy has been performed. Prolongued con

valescence indicates its sparing use. A less severe measure 

involves the insertion of a catheter in the subdural space 

during the earlier stages (Schubert, 1975; Partin, 1975).

Low levels of citrulline suggested its administration in 

an effort to reduce ammonia levels. However, lowered CPS ac

tivity suggests that citrulline would result in a net ammonia 

increase by the production of ornithine. One mole of ammonia 

removed by metabolism of citrulline might result in two moles

11
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of ammonia produced by the metabolism of each mole of ornithine 

(Thaler, 1976; Morse, et al., 1975; Samaha, et al., 1974; 

Schubert, et al., 1975).

From March, 1969 to December, 1973. 22 of 33 patients in 

Cincinnati survived. Three of the five in Grade V treated with 

exchange transfusion died, eight of 23 in Grades III and IV died, 

and all in Grades I and II lived independent of mode of treat

ment. Due to early diagnosis, no Grade V patients received 

treatment in 1974. All survived with exchange transfusion in 

this Cincinnati study including l6 children in Grades III and 

IV. Forty one per cent mortality nationwide contrasted sharply 

with the Cincinnati situation. During the same period, nine 

of 11 patients treated with peritoneal dialysis died and 10 of 

12 receiving endotracheal intubation lived. These results sug

gest that preferred treatment combines endotracheal intubation 

and supportive care with exchange transfusion. Schubert, et 

al. (1975) suggested that this success may be related to new 

unsaturated albumin binding sites which bind an endogenous 

toxic material or due to replacement of a deficient material

’in fresh whole blood.

Pathology and Biochemistry

—Liver—

Unique ultrastructure of the mitochondria exhibit pleo- 

morphy, rapid progression of expansion of matrix space, disap

pearance of the mitochondrial dense bodies, and reversibility

12



(Partin, et al., 1975? Bove, et al., 1975).

Hepatic glycogen depletion varies in severity from mild 

diffuse distribution to total loss in the periportal zone with 

considerable retention in the centrilobular region (Bove, et 

al., 1975).

The degree of inflammation correlates with the severity 

of initial injury if present at all (Bove, et al., 1975).

The fat exhibits panlobular distribution. Distribution 

of lipid within the hepatocytes occurs in fine droplets which 

do not displace the nucleus. Smaller droplet size characterizes 

the inner half of each lobule (Partin, et al., 1975; Bove, et 

al., 1975).

Liver biopsies contain 20-30% triglyceride, resulting in 

yellow-white lobules. The explosion of triglyceride suggests 

at least three situations; l) The synthetic pathway for tri

glyceride from either fatty acids or acetyl-CoA or both may be 

intact,,2) The lipid secretory pathway may be blocked, and/or 

3) The usual ability of liver cells to utilize fatty acids 

as a prime energy source may be impaired. Reduced availability 

.of ATP resulting from a depression of its generation in altered 

mitochondria may explain Kreb-urea cycle dysfunction and hyper

ammonemia, depressed synthesis of very light density lipopro

tein in the endoplasmic reticulum, depressed synthesis of vita

min K-dependent coagulation factors, and increased membrane 

permeability resulting in cell swelling and transaminase leak

age into the serum (Partin, et al., 1975? Bove, 1975).

13
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Regeneration of the liver indicates reversibility of symp

toms. Huttenlocher, et al. (1969) obtained a liver biopsy 17 

days after the onset of encephalopathy. It possessed normal 

lobular architecture and loss of peripheral parenchyma, the 

remaining parenchyma containing marked cellular pleomorphism 

with binucleate and trinucleate cells. The autopsy sample con

tained no fat.

—Brain—

Abnormal neurons contain active golgi regions and altered 

mitochondria exhibiting accumulation of matrix water and aggre

gation of matrix protein. The astrocytes are swollen.

Myelin injury precedes axonal injury. Myelin bleb forma

tion has been associated with triethyl tin intoxication, hexa

chlorophene intoxication and isonicotinic acid hydrazide-poi

soning. In triethyl tin intoxication, myelin bleb formation
2+was associated with reduction of Mg -dependent ATPase activity 

and the accumulation of a watery fluid with a high Na+ and Cl“ 

content (Partin, et al., 1975)*

--Evidence Against Ammonia Intoxication and Hepatic Encephal
opathy—

Alzheimer astrocytes have not been found in brain biop

sies. These cells usually characterize "hepatoencephalopathy” 

and experimental ammonia intoxication in primates (Partin, et 

al., 1975).

• Myelin blebs are not found in experimental ammonia intox

ication or in human hepatoencephalopathy. (Partin, et al., 1975).

14



The unique mitochondrial ultrastructure appear in the 

brain and liver simultaneously (Partin, et al., 1975). 

--Mitochondrial Enzymes—

Depression of activity of several mitochondrial enzymes 

occurs during the period of rapid lipid accumulation and low 

hepatic manganese content when enlarged ameboid mitochondria 

contain a rarefied matrix. This depression is likely secon

dary to initial mitochondrial injury. The injury results in 

lower levels of carbamyl synthetase, ornithine transcarbamyl

ase, cytochrome oxidase, and succinic dehydrogenase (FIG. 2).

Glasgow and Chase induced the symptoms of Reye's syndrome 

in rats with 200 mg/kg 4-pentenoic acid. It inhibited urea- 

genesis approximately 70% in liver slices using ammonia as 

substrate. Lessened inhibition occurred with aspartate and 

citrulline as substrates. Inhibition suggests impairment of 

ornithine uptake by mitochondria, depletion of mitochondrial 

ATP and/or impairment of CPS. No inhibition occurred on citrul 

line synthesis supported by succinate or exogenous ATP. The 

acid lowered medium and mitochondrial ATP concentration. When

’ glutamate was the oxidizable substrate, 4-pentenoic acid de

creased carbamyl phosphate concentration in mitochondria incu

bated without ornithine. They found neither effect with suc

cinate as the oxidizable substrate. Propionate, butyrate, and 

crotonate also inhibited ureagenesis in rats (Glasgow, et al., 

1975; Biological Abstracts, 1976).

OTC deficiency and Reye's syndrome exhibit comparable 
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serum levels of amino acids; high levels of glutamate, gluta

mine, alanine and lysine and low levels of arginine and citrul

line characterize both. As mentioned before, single enzyme 

defects and reduction of permanent activity generally charac

terize congenital diseases. Krieger, et al. observed a 30-fold 

elevation in plasma propionic acid in a child with inherited 

OTC deficiency, suggesting a bidirectional relationship between 

urea cycle and short-chain fatty acid matabolism (Schubert, et 

al., 1975; Thaler, 1976; Partin, et al., 1975; Bove, et al., 

1975).

--Serum Free Fatty Acids--

Increased levels may be secondary to lipolysis associated 

with vomiting and caloric deprivation which is probably secon

dary to abnormal mitochondrial metabolism of fatty acids. No 

correlation exists between initial level and the degree of the 

disease at presentation or between pre- and postexchange trans

fusion levels and the eventual outcome of such therapy. Vom

iting and ketosis without Reye’s syndrome elevate fatty acids 

similar in magnitude to Reye's syndrome. Caprylic acid in

creased in five cases. Its infusion induces coma in animals. 

The pre-^ lipo protein levels are absent or reduced at diag

nosis of syndrome patients. These triglyceride carriers are 

normally synthesized in the rough endoplasmic reticulum, com

bined with triglyceride and secreted by the Golgi apparatus 

into the serum. The ultrastructure of Reye's reveals Golgi 

saccules devoid of low density lipo protein, indicating a met

17



abolic block at one step (Schubert, et al., 1975).

—Model of Glasgow and Chase--

Glasgow and Chase induced the symptoms of Reye's syndrome

in rats by injecting 200 mg/kg 4-pentenoic acid. To induce 

chronic illness, they administered 50 mg/kg every 4 hr 10 times 

followed by a single dose of 200 mg/kg. This analog of hypo- 

glycin caused elevation of ammonia levels approximately four

fold. It resulted in hypoglycemia in fasted rats and hyper

glycemia in fed rats. Hepatomegaly and extensive fatty degen

eration were prominent (Biological Abstracts, Jan. 15. 1976).

18



19
MATERIALS AND METHODS

Rats

Eleven male and female albino rats, each weighing between 

336 and 590 grams were used in the study. The animals received 

an unlimited amount of Purina Mouse Chow.

Injections

The needles ranged from 21 to 26 guage, 26 being the ideal 

size for intraperitoneal injections. The rats were etherized 

lightly preceding each injection of 4-pentenoic acid. Rats 

3-6 received one dose every 4 hr 10 times followed by 200 mg/kg 

4 hr following the tenth dose. Rats 21-24 received one dose 

every 4 hr 10 times (TABLE l).

TABLE 1—Dosage sizes of 4-pentenoic acid. Each rat received 
one dose every 4 hr 10 times.

Rat Dosage (mg/kg) Rat Dosage (mg/kg)

3 12.5 21 12.5

4 25.0 22 25.0

5 37.5 23 37.5

6 50.0 24 50.0

Cardiac Puncture

The needles ranged from 21 to 26 guage, 23 being the ideal 

size for cardiac puncture. I etherized each rat, partially 

filled a 1-ml syringe with 5% sodium citrate to prevent clot

ting, and extracted approximately 0.2 ml blood directly from 

the heart. Blood volume/total volume of blood plus sodium



citrate was calculated. The blood samples were stored in the 

refrigerator or freezer in small centrifuge tubes until all 

samples could be centrifuged and assayed atone time.

Glucose Test

Dextrostix were used to determine hypoglycemia, normal 

values, or hyperglycemia in rats before and after injection 

of 4-pentenoic acid. Arterial blood was smeared on a reagent 

area then quickly washed off after 60 sec. With the help of 

a color chart on the Dextrostix bottle, approximations of mg 

glucose per 100 ml blood were obtained. When possible, the 

animals fasted 2 to 3 hr to stabilize glucose values.

Assay to Measure Liberated Ammonia

This assay, created by Glasgow and Dhiensiri (1974) for 

spinal fluid glutamine in humans, measured the concentration 

of liberated ammonia in the blood plasma of rats. Glutamine 

standard was made by mixing $0 mg/100 ml water. Glasgow and 

Dhiensiri (1974) showed that the standard, after deamination, 

gave 98% of the absorbancy of an equivalent ammonium sulfate 

standard (FIG. 3)»

--Materials—

Glutaminase (Grade V) was dissolved in a concentration 

of 350 units/liter (100 ug/ml) in sodium acetate buffer 

(50 mM, pH 4.9). Phenol color reagent contained 50 g phenol 

and 0.25 g sodium nitroprusside in 1 1 of water. Alkaline 

hypochlorite reagent contained 25 g 'Na OH and 2.1 g sodium 

hypochlorite In 1 1 water.
20



A
bs

or
ba

nc
e (6

40
 nm

)

21



The dehydrated enzyme was stored in the freezer and diluted 

only when all samples could be assayed within a three day 

period. The diluted form was also stored in the freezer. All 

other reagents were refrigerated.

Absorbance was measured on a Beckman Model B spectro

photometer.

--Method—(Glasgow, et al., 1974-)

Twenty ul water, standard, or spinal fluid (blood plasma, 

in this case) were added to 0.2 ml of glutaminase, mixed, and 

incubated for 30 min at 37 C. Phenol reagent (1.0 ml) was 

added immediately followed by 1.0 ml of alkaline hypochlorite 

with thorough mixing. Absorbance was read at 64-0 nm after a 

30-min incubation period.

Slides of Liver Tissue

Post-mortem samples were collected in saline then stored 

in Gilson's Fluid (Evelyn Morholt, et al., 1966), a fixative 

consisting of 10 ml 95% alcohol, 88 ml water, 2 g mercuric 

chloride, 1.8 ml nitric acid and 0.4- ml glacial acetic acid.

The tissue must remain in the fixative at least 24- hr and will 

keep for a month. Fixative was removed by 70% alcohol before 

dehydrating. Judy Savage, a cytologist at St. Peter' Hospital, 

prepared the slides to demonstrate the presence of fine lipid 

droplets in the hepatocytes.

22
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RESULTS

Rat 2 died of ether overdose during the first injection 

of 4-pentenoic acid. Rats 3-6 died approximately 30 min fol

lowing the final dose of 200 mg/kg. Breathing appeared to be 

normal. One by one, they rolled across the cage, struggled 

to their feet several times without success, and lay still.

I attempted artificial respiration noticing one or two extremely 

heavy expirations per rat during the process. The heart felt 

as if it hummed; it did not beat. All rescue attempts failed.

In fact, death may have been ensured by too vigorous breathing; 

autopsied stomachs were greatly swollen. Yellow-white blotches 

covered each liver, especially near the most posterior ridges. 

Tissue slides revealed fatty degeneration, the amount roughly 

correlating with dosage. Data of post-mortem samples of blood 

tested for glucose and ammonia appear in TABLES 2 and 4.

Rat 23 died of a misplaced "intraperitoneal" Injection.

The blood glucose and ammonia levels for Rats 21-24 are in ' 

TABLES 3 and 4. Observation suggested Rats 21,22, and 24 

recovered totally.
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DISCUSSION

Control Rat

Due to a shortage of rats available, the pregnant rat 

remained the control and her glucose and ammonia levels lacked 

consistency. I suggest that the second values obtained repre

sent her normal values; the drop in ammonia might reflect the 

absence of the babies' waste products and the increase in 

glucose to the normal value possibly indicates the starvation 

period for the purpose of stabilizing the glucose level affected 

her more since she was feeding other life as well.

Ammonium Sulfate "Standard” Curve

Attempting to draw a standard curve apparently failed due 

to malfunctioning glutamine and resulted in an increased short

age of enzyme. I utilized the results of Glasgow and Chase 

that the standard, after de-amination, gave 98% of the absorb

ancy of an equivalent ammonium sulfate standard. FIG. 4 shows 

two lines of the same shape but different slope. The line 

with lesser slope represents the most consistent trial obtained 

by addition of 0.5 ml distilled water to each cuvette. The 

line with steeper slope represents two trials which yielded the 

identical lines of best fit, but the standard error robs the 

data of all possible validity. However, I maintain that the 

line of lesser slope with similar shape would logically repre

sent a dilution of the steeper line and therefore points to 

the choice of the steeper line as a valid standard curve. Due 

to these less than ideal results, I stress relative, and not



A
bs

or
ba

nc
e (6

40
 nm

)

PIG. 4—Comparison of standard ammonium sulfate curve undiluted 
and diluted with 0.5 ml distilled water. Vertical 
lines indicate standard error.
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quantitative, data values.

Centrifugation

TABLE 5 relates the difference in values obtained with 

and without centrifugation. The situation arose when some of 

the tubes I centrifuged for 10 min at 9000 g yielded a murkier 

(presumably due to lysis of a small portion of red blood cells) 

top layer than those tubes which I refrigerated and allowed 

to settle. Notice the seeming trend’ in Rats 3,4, and 6 and 

the totally erratic data in Rats 21,122, 23, and 24. I deter

mined centrifugation as a possible cause, but faced the prob

lem of selecting 13 samples to rerun due to the amount of 

enzyme left. I chose to exclude Rat 3's preformed ammonia 

value because the two readings for each of its values followed 

a certain consistency and seemed to fit the aforementioned 

correlation between dosage and ammonia level. I chose both 

of Rat 4's values due to inconsistency of readings. The un

centrifuged values for Rats 5, 21, 22, 23, and 24 were chosen 

for obvious reasons. The two control samples were also run. 

Notice the new trend in Rats 4, 5» and 6. If the preformed 

ammonia level for Rat 3 could have been centrifuged, I suggest 

that the calculated contribution of 4-pentenoic acid would 

have been less, probably less or very close to 13.83 obtained 

for Rat 4. Notice the new trends in the second sample group.

In Rats 21-23, the values remain nearly the same until 14 hr 

after the final Injection, when they increased. Rat 24 ex

perienced the largest dosage and a progressive rise in ammonia.
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Samples were obtained 32 hr after the final injection. How

ever, glucose tests at the same time showed only subnormal 

values, indicating that the ammonia levels were not necessarily 

decreased at that time. Simple observation indicates Rats 21, 

22, and 24 recovered completely, regaining normal liver func

tion, but no chemical proof exists.

Dextrostix

I discovered my ability to read the color chart was less 

than perfected for the first values in Rats 3-6. I consider 

the values charted to be relatively free of problems of tech

nique, mainly because a normal value of 100 started to appear 

which indicates consistency of reading. Rats were fasted 2-3 

hr. Glasgow and Chase indicated hypoglycemia for fasted rats 

and hyperglycemia for fed rats. The rats in this experiment 

were neither fasted nor fed, but possessed stable levels.

The values obtained fit more closely to the values of patients 

with Reye’s syndrome. Note in TABLE 5 the erratic reading 

immediately following final injection but realize possible 

effects of death and lack of a period of fasting.

Original Goals

In an effort to determine a dosage simulating the ammonia

levels in Reye's syndrome, I found that a dose of 5° mg/kg

once every 4 hr 10 times closely matched available data.

Possibly one or two more doses of 50 mg/kg would have resulted

in some deaths and some recoveries, allowing for a better study

of the question of the ammonia level independent of final 
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outcome. Following along the same lines of potential reversib

ility fat stain should be used as well as a magnification 

higher than 1000 times to elucidate fatty degeneration patterns 

and allow for study of possible healing or regeneration of the 

liver.

In addition to the question of reversibility not adequately 

answered in the data of Glasgow and Chase, I explored the 

glucose levels essentially dissimilar from patients with Reye's 

syndrome and showed that the model could yield similar patterns. 

Value of the Model

I question the potential of this model to illuminate the 

etiology of Reye's syndrome. The evidence seems to point to 

an unknown mechanism; a process rather than a substance. The 

key lies in the unique ultrastructure of the mitochondria.

Basing a model on a derivative of hypoglycin now proved to 

cause a dissimilar ultrastructure tends toward a dead end. I 

hope the effort continues in the area of bettering treatment 

and the immediate concern of making the public aware of the 

existence of the disease; the only hope for survival and 

complete reversibility of symptoms lies in early diagnosis.
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