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Summary 

We reexamined a previously reported, highly specific increase 
in the relative proportion of the mitochondrial isoenzyme of 
asparate aminotransferase (AST) in the serum of patients with 
Reye's Syndrome. Using ion exchange chromatography, we 
measured mitochondrial, cytosolic, and total AST in serum sam- 
ples from (1)  10 patients early in the course of Reye's Syndrome; 
(2) nine controls with normal serum AST; and (3) seven controls 
with other diseases causing an increase in serum AST. The 
mitochondrial percentage (2.8 +. 2.0%) in Reye's Syndrome was 
significantly lower (P < 0.05) than that of both the normal 
control group (6.1 2 7.1%) and the group with increased AST 
(5.6 2 4.0%). We thus failed to confirm the previous report of a 
specific increase in the % of mitochondrial isoenzyme in Reye's 
Syndrome, and conclude that the % of mitochondrial isoenzyme 
is not likely to be a useful marker of (or predictor for progression 
to) Reye's Syndrome. 

Abbreviations 

AST, aspartate aminotransferase 
LDH, lactate dehydrogenase 
MDH, malate dehydrogenase 
P-5-P, pyridoxal-5'-phosphate 

Aspartate aminotransferase (EC 2.6.1.1, formerly SGOT) con- 
sists of distinct cytoplasmic and mitochondrial isoenzymes in 
most mammalian species including man (2, 6, 11, 18, 19). In 
normal individuals, the % of total serum AST activity due to the 
mitochondrial isoenzyme has been reported to be less than 10% 
by investigators using the most precise techniques (19, 20). The 
% of mitochondrial serum AST generally remains relatively 
constant in liver diseases associated with hepatocellular damage, 
such as acute and chronic viral hepatitis, fulminant hepatitis, 
chronic active hepatitis, and cirrhosis (7, 9, 13, 27), but can be 
elevated acutely in response to hepatotoxins. 
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A rapid increase in the total serum concentration of AST 
occurs consistently in Reye's Syndrome (encephalopathy with 
fatty visceral degeneration), a grave complication of common 
childhood viral infections such as chicken pox and influenza A 
and B (5). Swelling and pleomorphism of liver cell mitochondria 
occur early in the course of Reye's Syndrome and recede within 
days after onset (1 ,  15). The temporal pattern of these mitochon- 
drial changes and the absence of other remarkable alterations in 
hepatocellular ultrastructure suggested the possibility that the 
early rise and rapid decline in serum AST in Reye's syndrome 
reflected release of isoenzyme from swollen mitochondria. In- 
deed, a previous report had detected such a rise in the mitochon- 
drial isoenzyme (32). Because the mortality and morbidity of 
Reye's Syndrome can be reduced by early institution of control 
of intracranial pressure (28), a marker predicting which patients 
with influenza or varicella will progress to Reye's Syndrome 
would be of considerable clinical utility and could yield impor- 
tant information about onset, evolution, and pathogenesis of the 
syndrome. We sought to confirm and extend the previous obser- 
vation in a group of well characterized patients with Reye's 
Syndrome. We applied highly accurate techniques for chromato- 
graphic separation and measurement of AST isoenzymes in 10 
children with Reye's Syndrome, in seven children with other 
disorders causing an increase in serum AST, and in nine control 
subjects with normal serum AST. The % of mitochondrial iso- 
enzyme was not elevated in any of the Reye's Syndrome patients. 

MATERIALS A N D  METHODS 

Assay of total AST  activity. We used an enzyme-coupled 
spectrophotometric method for measurement of total AST activ- 
ity in both serum samples and column eluates. 

AST catalyzes the transfer of an amino group from aspartate 
to 2-oxoglutarate: 

2-oxoglutarate + aspartate + glutamate + oxalacetate 

In this assay the production of oxalacetate was coupled to oxi- 
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dation of NADH (Boehringer Mannheim) by the malate dehy- were collected in I-ml fractions; AST activity was measured in 
drogenase (Sigma) reaction: each fraction. A typical elution pattern is shown in Figure 1. 

Verification of the method. We next verified that this chro- 
oxalacetate + NADH + H+ + malate + NAD+ matographic method indeed resulted in a clean separation of 

NADH oxidation was measured spectrophotometrically at 340 
nm. Final reagent concentrations were as follows: 2-oxoglutarate, 
13 mM; aspartate, 240 mM; MDH, 200 Ulliter; NADH, 0.19 
mM; P-5'-P, 0.10 mM; lactate dehydrogenase, 65 Ulliter; Trisma 
buffer, 80 mM. These concentrations were essentially the same 
as those recommended by the International Federation of Clin- 
ical Chemistry for an "optimized" AST assay (14) with the 
following modification: we used lower concentrations of MDH 
and LDH (Sigma) because we found that the MDH and LDH 
had small amounts of contaminating AST activity. This "back- 
ground" AST activity was minimized by using the smallest 
concentration of MDH that catalyzed maximal activity for sam- 
ple concentrations up to 100 U/liter at 30°C. Samples with 
activity >I00 Ulliter were diluted to <lo0 Ulliter. 

P-5-P (Boehringer-Mannheim), the cofactor for both AST 
isoenzymes, was added in order to measure total enzyme activity, 
including any apoenzyme either originally present in the patient's 
serum or produced by loss of coenzyme during chromatography. 
Rej el al. (21) has shown that omission of P-5-P can cause a 
significant underestimation of AST activity in some cases. A 10- 
min preincubation with LDH was performed to avoid a pyruvate- 
dependent background reaction (1 6) and to allow P-5-P to bind 
(22). The reaction was initiated by the addition of 2-oxoglutarate. 
The rate of change of absorbance at 340 nm was measured 
initially in a thermostat-controlled Aminco DW2 spectropho- 
tometer using a 1.5 nm band width and At-,,, = 6.22 X lo3 M-' 
cm-' for NADH. Later experiments were performed on a Cen- 
trifichem spectrophotometer, calibrated relative to the DW2 (4). 
All reaction rates are expressed in U (pmole/min) at 30°C. 

For sample activities ranging from 1-150 Ulliter, the reaction 
was linear with the amount of sample and with time up to 30 
min, and was saturated with respect to 2-oxoglutarate, aspartate, 
NADH, MDH, LDH, and P-5-P. Measured values were calcu- 
lated as the mean of 10 reaction velocities determined over 2- 
min intervals; values for both normal and elevated enzyme 
standards (Precipathlnorm Enzyme Standards, Boehringer 
Mannheim) were consistently within the stated range. To correct 
for small amounts of AST contamination, aspartate-free blanks 
and reagent blanks were routinely performed and blank activities 
subtracted appropriately (4). 

The precautions detailed above allow measurement of AST 
activity (+5%) in a given sample of z l  Ulliter at 30°C. This 
value was taken as the lower detection limit of the assay. For 
sample activities < 1 Ulliter (e.g., some column eluates), samples 
were either concentrated or increased as a % of the final reaction 
mixture to produce measured reaction rates >10 Ulliter. Both 
maneuvers gave the same result. 

Chromatographic separation of isoenzvmes. To determine the 
activity of the mitochondrial and cytosolic isoenzymes in a serum 
sample, we separated the isoenzymes by column chromatography 
using DEAE-Sephadex-A50 (Pharmacia), a resin with both mo- 
lecular sieving and ion exchange properties. Previous studies had 
been criticized for prolonged dialysis before chromatography, 
which might lead to selective loss of mitochondrial activity (9). 
For the conditions utilized in this study, we determined that 
prior dialysis was not necessary, and dialysis was omitted. A 
volume of between 0.1-0.5 ml of serum was loaded onto a 6 x 
82 mm column previously equilibrated in 50 mM Tris-C1, 50 
mM NaCl pH 8.5. The cationic (anodal) cytosolic isoenzyme 
(PI 5.0) binds to the positively charged quaternary amino groups 
of the DEAE-A50 resin; the anionic (cathodal) mitochondrial 
isoenzyme (PI 10.3) does not bind and was washed offthe column 
with at least 4 ml of 25 mM Tris, 25 mM NaCl buffer pH = 8.5. 
The cytosolic enzyme was then eluted with 8 ml of 240 mM 
NaCI, 25 mM Tris pH 8.5. The column wash and the eluate 

isoeniyhes with complete recovery. 
We first prepared mitochondrial isoenzyme free of cytosolic 

isoenzyme by sonication of a mitochondrial fraction obtained 
by centrifugation of homogenized human or rat liver (17), and 
we prepared cytosolic isoenzyme free of mitochondrial isoen- 
zyme from human or rat erythrocytes by osmotic shock followed 
by centrifugal sedimentation of the membrane fragments (23). 

We verified that the chromatographic separation was complete 
for the uncontaminated isoenzymes from rat and man, both 
when chromatographed separately and when mixed together in 
either the low salt buffer, "normal" serum, or serum from a 
Reye's Syndrome patient. Separated isoenzymes rechromato- 
graphed as single fractions. Recovery of total activity was 10 1 + 
7% (f  a S.D.); recovery of isoenzyme was complete when either 
was added to serum from either Reye's Syndrome patients or 
normals. 

The chromatographic conditions described above are essen- 
tially the same as those arrived at empirically and independently 
by Sampson, et a/. (26). 

STUDY GROUPS 

Patients with Reye's Syndrome. Ten patients were available 
for study (Table 1): four had chicken pox, five had an influenza- 
like illness, and one (the youngest patient) had malaise and poor 
feeding before the onset of intractable vomiting. The diagnosis 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

FRACTION NUMBER 
Fig. 1. A typical elution profile for chromatographic separation of 

aspartate aminotransferase (AST) isoenzymes. Sample volume, 0.30 ml 
of serum from patient # 5  (total AST = 267 U/liter); volume of low salt 
wash, 5.0 ml: and volume of high salt eluate, 8.0 ml. 
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Table 1. Clinical data and isoenzyme ratiosfrom patients wrth Reye's syndrome' 

Patient Age, Prodromal Stage Deepest Total AST 
No. sex illness on adm. stage Outcome (Ulliter) % M % C  M/C ratlo 

1 7 mo M N I1 I11 Neurologic 78 7.5 92.5 0.08 1 
sequelae 

2 6 yr F V I1 I1 Normal 147 2.1 97.9 0.02 1 

(145) (2.3) (97.7) (0.024) 
3 7 m o  F I 111 IV Neurologic 224 3.3 96.7 0.034 

sequelae 
4 3 yr M I 1 I Normal 247 2.1 97.9 0.02 1 
5 7 yr F I I1 I11 Normal 267 4.3 95.7 0.045 
6 4 y r  F V I1 11 Normal 349 1.8 98.2 0.08 1 
7 7 yr F V I11 IV Normal 984 3.7 96.3 0.039 
8 6 y r  F I I1 IV Normal 990 0.5 99.5 0.005 
9 13yr F I I1 I1 Normal 1016 1.9 98.1 0.0 19 

10 4 yr F V I11 V Death 2414 1.3 98.7 0.0 13 
(294) (0.7) (99.3) (0.007) 

Mean +- S.D.: 670 + 717 2 . 8 2 . 0  9 7 x 2 . 0  0.029 + 0.021 

' Definitions: M, male; F, female; V, varicella; I, influenza-like illness with fever; N, non-specific prodromal illness; ( ), denotes a sequential 
determination, see text; and AST, aspartate aminotransferase. 

Table 2. Zsoenzyme ratios in control groups 

Normal AST' levels ( n  = 9) 
Total AST 
(Ulliter) % M  % C  M/C Ratio 

Mean + S.D. 24.5 + 10.6 6.7 -C 6.6 93.9 + 7.2 0.07 1 +- 0.068 

Increased AST levels 

Patient No. Total AST 
Diagnosis (Ulliter) % M  % C  M/C Ratio 

1 Chronic active hepatitis 
2 Chronic nonspecific diarrhea 

of infancy 
3 Hepatic coma, postshunt 
4 Type 3 glycogen storage dis- 

ease 
5 Rhabdomyalysis 
6 Allergic reaction to constrast 

material 
7 Fulminant hepatic necrosis 

Mean + S.D. 

I AST, aspartate aminotransferase. 

of Reye's Syndrome was based on a typical histow of prodromal RESULTS - .  
illness followed by lethargy, persistentbomiting, and progressive 
stages of neurologic dysfunction (10). The characteristic eleva- 
tions of serum AST, blood ammonia, and prothrombin time 
were present in each patient. Diffuse microvesicular steatosis of 
hepatocytes was observed in each of the seven patients in whom 
a liver biopsy was performed. Initial serum samples were drawn 
within 24 h of hospital admission in all cases and sequential 
samples were obtained in two patients. 

As shown in Table 1, the group of patients with Reye's 
Syndrome encompasses a wide range of severity of disease and 
of serum AST concentrations. Mild disease is illustrated by 
patient 2 who progressed only to stage I1 and recovered without 
sequelae. In contrast, patient 10 progressed rapidly to stage V 
coma and brain death. AST elevations in this group ranged from 
77.6-2414 with a mean of 670 U/liter. 

Patients with disorders associated with increased serum AST. 
This group consisted of individuals with a varietv of diseases (see - - 
Table 2) causing moderate or marked elevations of total serum 
AST. 

The % of mitochondrial isoenzyme was significantly lower ( P  
< 0.05) in the Reye's Syndrome group compared with the 
"normal" control group. This difference was not attributable to 
increased total AST activity in the Reye's Syndrome group, in 
view of the fact that the percent of mitochondrial isoenzyme was 
also significantly lower ( P  < 0.05) in the Reye's Syndrome group 
than in the "elevated" control group, which had an even higher 
mean serum AST. 

Sequential samples were obtained in patients 2 and 10 at 1 
and 4 days after the first sample, respectively. The measurements 
of the second sample are given in Table 1 in parentheses. No 
striking change in isoenzyme ratio was detected in the course of 
Reye's Syndrome in these patients. The total AST concentrations 
and percent of mitochondrial isoenzyme were similar in the 
subgroups of patients with varicella and with influenza-like pro- 
dromes. 

DISCUSSION 

Subjects with serum AST in the normal range. This "normal" The results of the present study indicate that the % of mito- 
control group consisted of children and adults whose total serum chondrial isoenzyme of AST is not increased in serum from 
AST values were in the normal range (20-40 U/liter). patients with Reye's Syndrome; indeed, we detected a statistically 

Statisticul methods. Study groups were compared using Stu- significant decrease in comparison to both a group of control 
dent's unpaired, one-tailed t test. patients with normal total serum AST and in comparison to a 
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group of control patients with increased total serum AST as the 
result of various liver disorders. 

These results do not agree with those of a previous "prelimi- 
nary" report. We have carefully considered potential sources of 
discrepancy and assert that it is unlikely that a significant increase 
in the mitochondrial fraction went undetected in the presently 
reported study. We found no evidence that the serum from 
Reye's Syndrome patients changes the binding characteristics of 
the DEAE A50 column, and column eluates rechromatographed 
appropriately. As reported by others (13), we found both isoen- 
zymes to be stable under the conditions employed in this study. 
Serum samples obtained within 4 h of admission to the hospital 
and within 1 or 2 days of the onset of nausea gave no indication 
that a very early rise in the enzyme ratio had been missed. 
Sequential samples on two patients, after 1 and 4 days, respec- 
tively, gave no evidence of the decline reported in the previous 
study. Finally, the serum mitochondrial activity of our "normal" 
group expressed both in U/liter and as % of total activity is 
similar to that found by several investigators using chromatog- 
raphy (26), immunoprecipitation (22), and immunoinhibition 
(22). 

There is evidence that suggests an artifactual increase in the 
measured mitochondrial fraction in the previous study. The 
mean % of mitochondrial isoenzyme for the normal group in 
the previous report is 25%, a value near the maximum that has 
ever been reported (7, 9, 18) and higher than we detected in any 
individual in any group. This high mean % of mitochondrial - -  - 
activity for the normal group suggests that the chromatographic 
techniaue used in the ~revious studv. a DEAE cellulose method 
(31), may have been i t  or beyondethe point of saturating the 
binding sites for the cationic serum proteins. In our hands, DEAE 
cellulose proved an unsatisfactory resin for this reason. Failure 
to bind the cationic, cytosolic AST isoenzyme would cause an 
artifactual increase in the apparent mitochondrial contribution. 

Mitochondrial injury has been proposed as a central pathoge- 
netic mechanism in Reye's Syndrome based upon ultrastructural 
studies that have consistently found characteristic mitochondrial 
abnormalities in the hepatic tissue from these patients (I ,  15). 
The structural abnormalities have been associated with reduc- 
tions of several mitochondrial enzymes; however, some mito- 
chondrial enzyme activities remain normal. Enzymes measured 
have included several from the urea cycle (3, 29, 30, 32, 33), 
electron transport, oxidative metabolism, and glycolysis (8, 12, 
24,25). AST activities in mitochondria and cytosol from liver of 
patients with Reye's Syndrome have not been analyzed and 
compared with corresponding activities in human liver tissue 
from normal subjects. The demonstrated reduction of many 
mitochondrial enzymes raises the question whether the mito- 
chondrial enzymes have been destroyed, synthesized at a greatly 
reduced rate, "leaked out" of an injured mitochondria, or a 
combination of these processes. If one assumes that the relative 
rates of removal ofthe isoenzymes from the serum are unchanged 
(this has not been measured), our finding of a reduced mito- 
chondrial isoenzyme in the serum suggests that rate of release 
mitochondrial AST is decreased. Ifthe mitochondrial content of 
AST is indeed reduced along with most other mitochondrial 
enzymes, we would infer that the reduction reflects destruction 
of the enzymes and/or reduced synthesis of the enzymes rather 
than an increased release rate from "leaky" mitochondria. 

Our finding that the % of mitochondrial isoenzyme is signifi- 
cantly lower in patients with Reye's Syndrome raises the question 
whether a low % of mitochondrial activity could be used as a 
clinical marker of Reye's Syndrome. Although the mitochondrial 
AST of the Reye's patients as a group was significantly decreased, 
the value of only one of 10 patients with Reye's Syndrome was 
below the measured range of the "normal" control group; the 
value for only four of the 10 individuals with Reye's Syndrome 
was below the range of the "elevated" control group. This finding 
suggests that the % of mitochondrial isoenzyme is not likely to 
be clinically useful in diagnosing or predicting progression to 
Reye's Syndrome. 
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Summary 

We examined the effect of phototherapy on cutaneous bilirubin 
using the transcutaneous bilirubinometer (TcB) in 14 white in- 
fants at a mean postnatal age of 30 h. Six infants were treated 
with blue light, eight with white light. An opaque patch, 2.5 cm 
in diameter, covered the skin and served as a source for TcB 
control values. Simultaneous TcB measurements were obtained 
from exposed and patched areas every 15 min during 4 h of 
phototherapy. 

After the start of phototherapy, TcB index obtained from 
patched skin did not change during the course of treatment. Data 
from exposed skin showed that the initial rate of TcB index fall 
during the first hour was significantly faster than the successive 
values during the next 3 h in both groups studied. During the 
first 2 h of therapy the TcB index decreased faster among infants 
treated with blue light. 

Correlation studies indicate that TcB measurements from ex- 
posed skin areas may not be clinically useful in predicting serum 
bilirubin response to phototherapy but data obtained from unex- 
posed sites may fill this role. 

Previous studies have shown that visible light significantly 
reduces serum bilirubin concentrations in infants (7, 10). The 
photochemical reactions responsible for this effect, photodegra- 
dation and photoisomerization, occur primarily in exposed skin 
(6, 12). Shaded sites remain icteric and exposed areas are 
bleached under phototherapy (1). 

In the present work the TcB (19) was used to monitor the 
responses of cutaneous bilirubin to phototherapy. The experi- 
ments were undertaken to determine the rate and the extent of 
skin decolorization and through direct skin measurements to 
help explain the model of action of phototherapy. This protocol 
was approved by the Institutional Committee on Research. 

MATERIALS AND METHODS 

Vol. 17. No. 1 1, 1983 
Prinrrd in U. S. A.  

Fourteen infants were studied. Birthweight ranged from 660- 
3200 g, gestation age from 26-41 wk, and postnatal age from 4- 
63 h. Patients were selected for study if they met the following 
criteria: (1 )  requirement for phototherapy to treat hyperbiliru- 
binemia; (2) ability to maintain infant in a supine position for 4 
h; (3) availability of personnel to attend patient for 4 h; and (4) 
ability to obtain consent form from mother or legal guardian. 
Infants with hemolytic anemia, positive Coombs test, or severe 
respiratory problems were excluded. 

The infants were divided into two groups based on the type of 
phototherapy used. Group I was treated with blue light and 
Group I1 with white light. There were six infants in Group I, all 
nursed naked in incubators (Isolette, Air Shields, Hatboro PA). 
Eight special blue fluorescent lamps (Westinghouse, F-20T 121 
BB) were encased in a standard nursery phototherapy module 
and positioned above the incubators. Group I1 consisted of eight 
infants nursed naked on radiant warmer beds (Infant Care Sys- 
tems, Air Shields Co.) and treated with fluorescent bulbs housed 
in the phototherapy attachment (Air Shields, 78-800-70) of the 
warmer bed. Irradiance at the infant's level was measured with a 
photometer (Air Shields, Model PR-I I I). Radiant flux in the 
425-475 nm band was 11.6 +- 1.5 pW.cm-2.nm-' (mean + 
S.D.) in Group I and 5.2 f 0.8 @W. ~ m - ~ .  nm-' in Group 11. The 
difference between irradiances was significant at the P < 0.001 
level. 

TcB index was measured on the exposed sternal area every 15 
min during 4 h of phototherapy. Simultaneous measurements 
were obtained from a nearby site covered by an opaque patch 
2.5 cm in diameter. The TcB's (Minolta, Japan) operating prin- 
ciples have been described previously (19). This spectral reflec- 
tometer measures the color intensity of the skin and provides a 
numerical TcB index that has been correlated to serum bilirubin 
concentrations (5, 19). 
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