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To exp lore  t he  p o s s i b i l i t y  t h a t  c h t l d r e n  who develop Reye's syndrome may 
be me tabo l i ca l l y  unique, we examined t he  a b i l i t y  o f  su r v i vo rs  t o  respond t o  
endogenous and exogenous metabol ic  s t i m u l i .  Our p re l im ina ry  r e s u l t s  i n d i c a t e  
t h e  presence of  abnormal i n s u l i n  and glucagon responses under fas ted and 
s t imu la ted  s ta tes.  S p e c i f i c a l l y ,  h i ghe r  f a s t i n g  i n s u l i n  and glucagon values 
were found i n  Reye's su rv i vo rs  than t h e i r  s i b l i n g s  o r  normal con t ro l  ch i l d ren .  
( I n s u l i n  l e v e l s  + SEM i n  uU/ml, 21.1 + 1.86 f o r  Reye's surv ivors ,  15.4 + 2.31 
for  s i b l i n g s  and-10.8 + 1.30 for  normT1 con t ro l  ch i l d ren .  ~ i g n i f i c a n c e o f  
d i f fe rence between Reye's su rv i vo rs  and normal con t ro l  c h i l d r e n  = p  < .001. 
Glucagon l e v e l s  + SEM i n  pglml. 416 + 46.7 f o r  Reye's su rv i vo rs  and 178 + 
32.4 i n  siblings; p  = < .001. Only one s i b l i n g  had h igh f a s t i n g  i nsu l i n -  
values (mean 28 uU/ml) and two had f a s t i n g  glucagon values above 200 pglml. 
Elevated l e v e l s  o f  both  hormones were no t  found i n  any s i b l i n g .  Higher t n -  
s u l i n  and glucose r G n s e s  t o  o r a l  glucose were seen i n  3 o f  4  su rv i vo rs  
du r i ng  an OGTT. Higher mean i n teg ra ted  i n s u l i n  areas above base l ine were 
observed i n  Reye's su rv i vo rs  and t h e i r  s i b l i n g s  compared t o  con t ro l s  ( p  < 
.001. A f t e r  I - a r g i n i n e  i n fus i on ,  a  c l e a r l y  d i s c e r n i b l e  double peak i n  t he  
glucagon response was seen i n  2  surv ivors ,  1  s i b l i n g  and 3 parents examined, 
a  response no t  observed i n  t he  per iphera l  venous c i r c u l a t i o n  bu t  o n l y  r epo r t -  
ed i n  po r t a l  ve i n  samples. These observat ions i n d i c a t e  t h a t  responses t o  a  
v a r i e t y  o f  pancreat ic  endocrine s t i m u l i  a re  a l t e r e d  i n  Reye's su rv i vo rs  and 
t h e i r  f am i l i es .  

SPECULATION 

I n  Reye's syndrome, h i gh  l e v e l s  o f  c i r c u l a t t n g  glucose subst ra tes and 
metabol ic  fue ls  such as, a lan ine,  l a c t a t e ,  pyruvate, g l yce ro l ,  non -es te r i f i ed  
f a t t y  ac ids ,  acetoacetate  and 6-hydroxybutyrate, are  repor ted (15.37) f r e -  
quent ly  i n  the presence o f  normal plasma glucose concentrat ions. The regu la-  
t i o n  o f  t h e  f l u x  o f  these subst ra tes i s  h i g h l y  in f luenced by t he  hormones, 
i n s u l i n  and glucagon. I n s u l i n  i s  p a r t i c u l a r l y  impor tant  i n  the i n h i b i t i o n  o f  
re lease o f  such subst ra tes from per iphera l  s tores.  Animal and human s tud ies  
i n  var ious hyper insu l inemic  s ta tes  i n  which hyperglucagonemia i s  a l so  seen 
have shown s i g n i f i c a n t  r educ t i on  i n  i nsu l i n - recep to r  b ind ing.  The poss i -  
b i l i t y  i s  r a i sed  t h a t  t he  r e l a t i v e  hyper insu l in ism expressed by c h i l d r e n  
who have surv ived Reye's syndrome may have been present before t h e i r  acute 
disease and may have con t r i bu ted  t o  t h e  metabol ic  mani fes ta t ions o f  t he  
acute d isorder .  

Reye's syndrome i s  a  r a r e  p e d i a t r i c  compl icat ion o f  comnon v i r a l  i l l nesses  
such as in f luenza and v a r i c e l l a  (4). While epidemics o f  in f luenza a f f l i c t  
vast  numbers o f  people throughout t he  e n t i r e  age spectrum of  man. Reye's 
syndrome as a  sequel t o  in f luenza i s  l i m i t e d  t o  l e s s  than 1110th o f  a  percent 
o f  c h i l d r e n  who have in f luenza ( 4 ) .  This ep idemio log ica l  f ea tu re  suggests 
t h a t  age and a s u s c e p t i b i l i t y  f ac to r  must both  be present t o  s e l e c t i v e l y  pro- 
duce Reye's syndrome. The l a t t e r  p o s s i b i l i t y  i s  f u r t h e r  supported by increas-  
i n g  evidence of  f a m i l i a l  c l u s t e r i n g  and recurrences o f  t h i s  syndrome (1.10.12, 
13.17.18.22.27-30.31.34.35). 

We have searched for  a  pred ispos ing f a c t o r  i n  these c h i l d r e n  l ong  a f t e r  
t hey  had recovered from t h e i r  acute  Reye's episodes. Because several glucose 
subst ra tes a re  e levated i n  t h e  plasma du r i ng  t he  acute disease even i n  t he  
absence o f  hypoglycemia i n  many cases, we chose t o  examine t he  a b i l i t y  o f  sur -  
v i vo r s  t o  main ta in  c a l o r i c  homeostasis under a  v a r i e t y  o f  s t i m u l i .  

The r e s u l t s  o f  our  p re l im ina ry  s tud ies i n d i c a t e  t h a t  these ch i l d ren  main- 
t a i n  homeostasis i n  t he  presence o f  increased i n s u l i n  and glucagon concentra- 
t i o n s  i n  the per iphera l  c i r c u l a t i o n  under f a s t i n g  condi t ions and i n  response 
t o  var ious s t i m u l i .  This a l t e r e d  s t a t e  o f  metabol ic  responsiveness was a l s o  
found i n  some bu t  no t  a l l  parents and s i b l i n g s  examined r a i s i n g  the l i k e l i h o o d  
t h a t  genet ic  fac tors  may be invo lved i n  these f ind ings.  

METHODS 

Informed consent was obta ined from a l l  p a r t i c i p a t i n g  adu l t s  and parents 
o f  minors. 

This study was conducted on t he  parents and s i b l i n g s  o f  seven unre la ted 
ch i l d ren  who had Reye's syndrome. F ive o f  t he  s i x  c h i l d r e n  who surv ived were 
a l so  s tud ied  and a re  designated su rv i vo rs  #I-5. The s i x t h  c h i l d  was excluded 
because of  the recent  occurrence of  h i s  i l l n e s s .  The seventh c h i l d  succumbed 
and t h e  d iagnos is  was supported by autopsy f ind ings.  

c r i t e r i a  for  t he  d iagnos is  o f  Reye's syndrome i nc l ude  c l i n i c a l  evidence 
of  a  progress ive encephalopathy f o l l ow ing  a  v i r a l - l i k e  prodromal i l l n e s s ,  nor -  
mal sp ina l  f l u i d .  evidence of  hepat ic  dysfunct ion i n  t he  absence o f  hyper- 
b i l i r ub inem ia  and absence o f  trauma o r  exposure t o  t o x i n s  (14). Stag ing o f  
t he  acute d i so rde r  was accord ing t o  Lovejoy, e t  a1 (19). 

Of t he  f i v e  Reye's su rv i vo rs  s tud ied,  o r a l  glucose to lerance t e s t s  (OGTT) 
were done i n  four  sub jects  (11-4). a rg i n i ne  s t imu la t i on  i n  two (12.3). and 
epinephrine. glucagon and i n s u l i n  to lerance s tud ies were performed i n  four 
(11-4). I n  one su rv i vo r .  #5, repeated f a s t i n g  samples, on ly ,  were examined. 
Each c h i l d  had f u l l y  recovered from the acute syndrome as judged by h i s  r e t u r n  
t o  normal a c t i v i t y  and no rma l i za t i on  o f  a  wide ba t t e r y  o f  l i v e r  funct ion t es t s .  

i nc l ud ing  the SGOT, SGPT, LDH, a l k a l i n e  phosphatase, prothrombin. serum pro-  
t e i n s  and b lood annonia. 

The i n t e r v a l  o f  t ime  between t he  acute episode and t he  i n i t i a l  study was 
2.5 years, 2.5 years, f ou r  months, 3  years, and 1  year  f o r  subjects, 11.2.3, 
4. and 5. r espec t i ve l y .  The i r  mean age was 10.4 years i f  a l l  5  are  inc luded 
and 12.4 if subject  #5 i s  excluded a t  the t ime o f  these s tud ies.  The glucose 
to lerance t e s t  was repeated 12 m n t h s  l a t e r  i n  two sub jects ,  12 and 13. 
S im i l a r  f ind ings were found. The body habi tus  o f  these sub jects  was normal 
as i nd i ca ted  by t he  h e i  h t  and weight pe rcen t i l es  f o r  each o f  t he  f ou r  who 
were s tud ied i n  d e t a i l  ?# l ,  25 p e r c e n t i l e  (I) fo r  he igh t  ( h )  and weight (w), 
12 75% h and w, $3 50% h and 90% w, W4 90% h and 75% w). A sumnary o f  t h e i r  
c l i n i c a l  f ind ings a t  t he  t ime of  t h e i r  acute episode i s  presented i n  Table 1. 

E ight  unaffected s i b l i n g s  were studied. 3  o f  whom were s i b l i n g s  o f  t h e  
f a t a l  case o f  Reye's syndrome. $7. Fast ing b lood samples were c o l l e c t e d  i n  
seven f o r  determinat ions o f  i n s u l i n ,  glucagon and glucose. An OGTT was per- 
formed i n  s i x  i nc l ud ing  3  s i b l i n g s  o f  p a t i e n t  17 and an a rg i n i ne  i n fus i on  
study was performed i n  t h e  s i b l i n g  o f  su r v i vo r  13. The s i b l i n g s  on whom an 
OGTT was performed had weight pe rcen t i l es  a t  o r  below t h e i r  he igh t  percen- 
t i l e s .  None was obese. The a es o f  these s i b l i n g s  i n  years were 7  8/12 ( s i b -  
l i n g  o f  12). 13 2/12 (#3 ) ,  13 ?#4), 3  (15). 6% (#6 ) ,  and 5, 8  and 10 years 
f o r  t h e  f a t a l  case X7 a t  t h e  t ime of  t h i s  study. 

Twelve parents were s tud ied i nc l ud ing  t he  r o t h e r s  o f  11, 13, and both  
parents o f  X2. 14, 15, 16, and t7 .  Fast ing blood samples were obta ined from 
each (n.12). an OGTT was performed on t h e  mother o f  13 and t he  parents o f  X2, 
#6, and 1 7  (n.7) and an a r g i n i n e  s t imu la t i on  t e s t  was done on t he  mother o f  
13 and the parents o f  X2 (11.31. Of t h e  seven on whom an OGTT was performed, 
4  were s l i g h t l y  obese ( fa thers  o f  12 & 6, mothers o f  X3 K 7) and 3 were lean. 

Normal c o n t r o l s  a re  from ou r  p rev ious l y  repor ted se r i es  (3.4) as we l l  as 
add i t i ona l  unre la ted p e d i a t r i c  subjects, s i b l i n g s ,  and a d u l t  l abo ra to r y  
workers. Adu l t  con t ro l s  a re  separated i n t o  l e a n  and obese categor ies .  Con- 
t r o l  c h i l d r e n  were no t  obese. The mean ages and ranges f o r  t he  con t ro l  
c h i l d r e n  were as f o l l ows :  normal ch i l d ren .  9.1 vears (6.3 - 13.3 vears): 
chemical d i abe t i c s  w i t h  increased i n s u l i n  10.2 years  (5.1 - 13.8 years) ;  
chemical d i abe t i c s  w i t hou t  increased i n s u l i n  9  years ( 7  - 10.3 years) .  

Preparat ion f o r  t he  OGTT inc luded i n s t r u c t i o n s  t o  parents  t o  i nsu re  a  
h i gh  carbohydrate d i e t  f o r  t h ree  days p r i o r  t o  admission. To our  knowledge, 
o n l y  one sub ject ,  fa ther  o f  16, cou ld  no t  adhere t o  the h igh carbohydrate 
i n t ake  due t o  symptoms of  r eac t i ve  hypoglycemia. Subjects were admi t ted f o r  
each to lerance t e s t  t h e  afternoon p r i o r  t o  t he  s tudy except i n  one f am i l y  
(parents  and s i b l i n g )  who were s tud ied  on an ou tpa t i en t  bas is .  A f t e r  an 
overn ight  fast,  1.75 grams of  glucose per  k i logram body weight was given 
a f t e r  preparat ion o f  t h e  pa t i en t .  For t he  a rg i n i ne  i n fus i on ,  0.5 grams per  
k i logram body weight o f  1-arg in ine hydroch lor ide,  n o t  t o  exceed 30 grams, was 
given in t ravenous ly  over  a  30-minute period. For each s tudy an intravenous 
needle was placed i n  a  per iphera l  arm ve in  which was kept  open w i t h  113 nor-  
mal sa l i ne .  Three ml o f  b lood was withdrawn from the  cannulated ve in  and d i s -  
carded before t he  sample for  ana l ys i s  was co l l ec ted .  During the s tudy per iod,  
t h e  sub ject  was a l lowed t o  engage i n  q u i e t  p l ay  a c t i v i t i e s  i n  bed. 

Blood for  i n s u l i n  and glucagon was c o l l e c t e d  i n  hepar in ized tubes. For 
gluca on d  t rminations, 500 u n i t s  o f  a  k a l l t k r e i n - t r y p s i n  i n h i b i t o r ,  
Trasyfol was added per  ml of blood i nned ia te l y  upon c o l l e c t i o n  o f  t he  
blood. I n s u l i n  was determined as t o t a l  innnunoreactive ma te r i a l  i n  plasma 
which reac t s  w i t h  porc ine i n s u l i n  an t i se ra  as determined by t he  double-ant i -  
body radioimmunoassay as described by b r g a n  and Lazarow (20). P ro i nsu l i n  
was determined by t he  d i f ference between t o t a l  imnunoreactive ma te r i a l  i n  
plasma t o  porc ine i n s u l i n  an t i se ra  before and a f t e r  t reatment  w i t h  t he  insu-  
l i n - s p e c i f i c  protease as p rev ious l y  described (3 ) .  Glucagon was determined 
by the rad io imunoassay method as described by Unger (33)  and Faloona (22). 
Glucose was determined by t he  autoanalyzer method. 

RESULTS 

Mean f a s t i n g  values + S.E.ti. f o r  i n s u l i n  and glucagon f o r  t he  var ious 
groups a re  presented i n  F igures 1  and 2. 

An ana l ys i s  o f  var iance was made. Jhe average var iance w i t h i n  groups 
( s2 )  and t he  var iance between grou s  (S ) f o r  i n s u l i n  were 24.5470 and 
78P4515, respect ive ly .  F  = s2 / S? - 3m1960. The F value a t  t h e  95% c o n f i -  
dence l i m i t  was 3.03 and was a.76 %-the 99% confidence l i m i t  (degrees o f  
freedom, df, f o r  t he  var iance between means was 3 and t he  df f o r  t he  var iance 
between groups was 23). Thus, the 'd i f fe rence o f  mean f as t i ng  i n s u l i n  l e v e l s  
between groups i s  s i g n i f i c a n t .  By m u l t i p l e  range t e s t i n g  t h e  d i f ference 
between su rv i vo rs  and con t ro l  c h i l d r e n  was s i g n i f i c a n t  a t  t h e  99% confidence 
l i m i t .  

For glucagon, s2 was 13.235.32. s2 was 79.658.69 and F was 6.0186. The F 
value a t  t he  99% co l f i dence  i i m i t  wasm4.61 (d f  f o r  var iance between means was 
3 and df f o r  var iance between groups was 27). 

Thus, Reye's su rv i vo rs  have s i g n i f i c a n t l y  h igher  f as t i ng  plasma i n s u l i n  
l e v e l s  than con t ro l  ch i l d ren  and h igher  f a s t i n g  glucagon l e v e l s  than unaf -  
f ec ted  s i b l i n g s  o f  Reye's syndrome sub jects .  

Of seven s i b l i n g s  examined, o n l y  one had h igh i n s u l i n  values w i t h  a  mean 
va lue o f  28 uU/ml. The remaining s i x  s i b l i n g s  had f a s t i n g  values comparable 
t o  con t ro l  ch i l d ren .  With respect  t o  glucagon, two of  t he  seven s i b l i n g s  
had f as t i ng  values above 200 pglml. Both had normal f a s t i n g  i n s u l i n  l e v e l s .  
Three o f  seven s i b l i n g s  had increased f a s t i n g  i n s u l i n  o r  glucagon l e v e l s  but  
none had e l eva t i ons  o f  both  hormones as described f o r  t h e  Reye's surv ivors .  

Yhen t he  s t imu la to r y  e f fec t  o f  glucose on i n s u l i n  sec re t i on  i s  s tud ied 
du r i ng  OGTT, t h e  response o f  su r v i vo rs  as a  group was d i f f e r e n t  from con t ro l  
ch i l d ren .  The mean i n teg ra ted  i n s u l i n  area above base l ine was h igher  i n  
Reye's su rv i vo rs  (8,868 sU/ml/min x  10-3 + S.E.M. 1106) compared t o  normal 
c h i l d r e n  (4,792 uU/ml/min x 10-3 5 S.~.I4.-621); p  < .OOl. The mean value 
obta ined f o r  s i b l i n g s  was a l so  s i  n i f i c a n t l y  e levated (mean 9,749 pU/ml/min 
x  2 S.E.M. 1894); p  < .001. ?see F igure 3) .  

Heterogeneous responses t o  o r a l  glucose were exh ib i t ed  by parents. I n  
n i ne  o f  twelve, responses were e s s e n t i a l l y  normal. One asymptomatic mother 
who i s  obese demonstrated glucose in to lerance,  manifested by.hyperglycemia 
(glucose values: 110,141,176.214,209,213,207,159 and 155 mgI100 ml a t  0.15, 
30,45,60,90,120,180, and 240 minutes respec t i ve l y )  and hyperinsul inemia ( i n -  
s u l i n  values: 16,85,109,160,172,204,238,169, and 140 uU/ml f o r  t h e  cor re-  
sponding times). Another mother who i s  l ean  and asymptomatic had hypergly- 
cemia (glucose values: 80,167,177,170,190.210,220, and 184 mgI100 ml from O- 
180 min.) and hypoinsul inemia ( i n s u l i n  values: 8,21,19,19,2,15,14, and 22 
uU/ml f o r  t he  corresponding t imes) .  One symptomatic f a the r  who i s  s l i g h t l y  
obese had hyperglycemia (glucose values: 97,245,245,207,187,129,111 mgllOO 
ml a t  0-120 min.) and corresponding i n s u l i n  values o f  8,62,93.103,75,16, and 



8 uU/ml. Severe symptoms are repor ted by t h i s  f a the r  who i s  a  phys ic ian who 
describes d iaphores is  and syncope f o l l ow ing  a  h i gh  carbohydrate in take.  The 
3-day d i e t a r y  preparat ion f o r  t h e  OGTT was o n l y  p a r t i a l l y  c a r r i e d  o u t  due t o  
t he  continued development o f  symptoms. Thus, t he  response of  parents t o  
o r a l  glucose was abnormal i n  t h ree  o f  twe lve i n d i v i d u a l s  examined and ranged 
from excessive t o  inadequate beta c e l l  responses each i n d i v i d u a l l y  associated 
w i t h  e i t h e r  per iphera l  i n s u l i n  i n s e n s i t i v i t y  o r  i n s u l i n  dependence. 

Peak i n s u l i n  values were h igher  i n  t h ree  o f  f ou r  su rv i vo rs  and four o f  
f i v e  s i b l i n g s  than con t ro l  ch i l d ren .  The h ighest  peak i n s u l i n  concent ra t ions.  
277 and 258 ~U /m l ,  were found i n  s i b l i ngs .  One parent  had a peak va lue 
h igher  than t h a t  observed i n  obese adu l t s .  The mother o f  #7 had an i n s u l i n  
concent ra t ion o f  238 uU/ml which occurred 120 minutes a f t e r  t he  i nges t i on  o f  
glucose. 

P ro insu l i n ,  which i s  present i n  plasma and con t r i bu tes  t o  imnunoreactive 
i n s u l i n ,  has much l e s s  b i o l o g i c  a c t i v i t y  than i n s u l i n  (16). The c o n t r i b u t i o n  
o f  p r o i n s u l i n  t o  the increase i n  t o t a l  i n s u l i n  was examined i n  two surv ivors ,  
XZ and X3, t h e i r  r espec t i ve  s i b l i n g s  and t h e i r  parents. 

P ro insu l i n  l e v e l s  a f t e r  glucose were much more va r i ab le  i n  Reye's su rv i -  
vors  and one o f  two s i b l i n g s  than i n  con t ro l s .  The t h ree  parents had lower  
f as t i ng  values than con t ro l  a d u l t  values and peaks were reached a t  e a r l i e r  
t imes than i n  con t ro l s .  These s tud ies  do no t  imp l i ca te  p r o i n s u l i n  as a  major 
component o f  t he  t o t a l  imnunoreactive i n s u l i n  found i n  t h e i r  per iphera l  
plasma. 

Suppression o f  a c e l l  a c t i v i t y  was seen i n  every sub ject  except one 
(mother o f  X3). An e a r l y  r i s e  i n  imnunoreactive g l u c a ~ o n  was seen 15-.?C 
minutes a f t e r  glucose i npes t i on  i n  su rv i vo rs  $2 and X ? ,  t h e i r  r espec t i ve  
s i b l i ngs ,  t h e  s i b l i n g s  o'f X7, t h e  mothers o f  12 and X3 and t he  fa ther  o f  X6. 
The mean maximal f a l l  i n  al~ncagon i n  su rv i vo rs  was 59.5 pglml, S.E.M. + 21 .l, 
comparable t o  58 + 9 (SEM) repor ted f o r  normals by Mu l l e r ,  e t  a1 (211.- 

I n s u l i n  and glucagon responses t o  1 -a rg i n i ne  s t imu la t i on  were examined i n  
sub jects  X2 and X3, t he  s i b l i n g  o f  63, t he  parents o f  ff2 and t he  mother o f  
13. Subjects X2 and X3 had maximal i n s u l i n  increments o f  145 and 78 uU/ml 
compared t o  values o f  t h i r t y  repor ted f o r  normal c h i l d r e n  (26). A l a r g e  
increment f o r  i n s u l i n  was a l so  seen i n  t he  one s i b l i n g  tes ted.  Of s t r i k i n g  
occurrence i s  a  c l e a r l y  d i s c e r n i b l e  double peak i n  t he  glucagon response of  
1 -a rg i n i ne  in fus ion,  a  f i nd ing  considered o n l y  observed i n  p o r t a l  ve i n  samples 
and n o t  expressed i n  t he  per iphera l  venous c i r c u l a t i o n  (23.24). This b iphas ic  
pa t t e rn  i s  n o t  exh ib i t ed  by con t ro l  adu l t s  s tud ied a t  t h i s  center  (F igure 4) .  

DISCUSSION 

A complex i ty  o f  metabol ic  derangements accompanies Reye's syndrome, each 
o f  which evokes i t s  own compensatory change. These derangements and counter- 
r egu la to r y  metabol ic  events i n t e r f e r e  w i t h  attempts t o  de l i nea te  cause and 
e f f e c t  and, as a  consequence t he  e t i o l o g y  o f  t h i s  disease remains unknown. 

Our approach t o  Reye's syndrome has been in f luenced by ou r  surmise t h a t  a  
number o f  metabol ic  processes which u t i l i z e  t h e  second messenger system appear 
t o  be a f f ec ted  i nc l ud ing  gluconeogenesis. l i p o l y s i s ,  p ro teo l ys i s  and neuronal 
t ransmiss ion (15). Based on t h i s  pre jud ice,  we have extended ou r  s tud ies t o  
su rv i vo rs  l ong  a f t e r  they had recovered from t h e i r  acute  i l l n e s s .  Our f i n d -  
ings i n d i c a t e  t he  presence o f  an a l t e r e d  s t a t e  o f  responsiveness t o  metabol ic  
s t i m u l i  i n v o l v i n g  t he  g l ucos ta t i c  hormones, i n s u l i n ,  and, p a r t i c u l a r l y ,  
glucagon, which are  found i n  h i gh  concent ra t ions under both  f as t i ng  and st imu- 
l a t e d  s ta tes  i n  c h i l d r e n  who have surv ived Reye's syndrome. These hormones 
gene ra l l y  promote opposing e f f e c t s  i n  t he  regu la t i on  o f  normal f ue l  homeosta- 
s i s .  Since s t imu la t i on  o f  one hormone gene ra l l y  evokes a  counter  r egu la to r y  
response from t h e  o ther ,  t he  pr imary  o r  compensatory nature o f  t he  hyper- 
glucagonemia o r  t he  hyper insu l inemia cannot r e a d i l y  be determined. 

Hormonal r egu la t i on  o f  gluconeogenesis serves t o  ensure t he  maintenance 
o f  g l u ~ o s t a s l s  du r i ng  f a s t i n g  and i s  p r i m a r i l y  centered on per iphera l  t issues.  
accord ing t o  Exton e t  a1 (6 ) .  t o  con t ro l  the re lease o f  subst ra tes f o r  glucose 
product ion by t h e  l i v e r  through t he  in f luence o f  glucagon (7). Wi th  respect  
t o  i t s  ac t i on  on hepat ic  glucose balance, glucagon i s  be l ieved t o  be f a r  more 
potent  than i n s u l i n  on a  molar  bas is  (32) .  Rat ios  o f  i n s u l i n  t o  glucagon i n  
t he  per iphera l  plasmas o f  normal humans a f t e r  an ove rn igh t  fas t  i s  3.8 a t  
which t ime t he  l i v e r  i s  producing glucose a t  a  subs tan t i a l  r a te .  e x h i b i t i n g  a  
glucagon effect,  whereas r a t i o s  o f  0.4 are  found du r i ng  s ta r va t i on  and 16 on 
glucose i n fus i on  (32) .  Fast ing i n s u l i n  t o  glucagon r a t i o s  i n  su rv i vo rs  a re  
s u b s t a n t i a l l y  under a d u l t  values, averaging 0.85, 1.73, 1.04, and 0.91 i n  
sub jects  $1 t o  84, r espec t i ve l y .  Estimates o f  half-maximum concent ra t ions 
o f  glucagon converted t o  pglml f o r  a c t i v a t i o n  o f  several phys io l og i ca l l y  
impor tant  metabol ic  processes a re  175 pg/ml for  g lycogenolys is ,  350 pg/ml for  
gluconeogenesis and 1750 for  both  ureagenesis and ketogenesis (25) .  Since 
p o r t a l  ve i n  concent ra t ions are  about 2.6 t imes h igher  than per iphera l  l e v e l s  
(9). and the mean f a s t i n a  ulucaaon concent ra t ion i n  t he  per iphera l  c i r c u l a t i o n  

a l ready examined t he  c o n t r i b u t i o n  o f  p r o i n s u l i n  t o  t h e  t o t a l  imnunoreactive 
i n s u l i n  o r  plasma i n  Reye's su rv i vo rs  and t h e i r  f am i l i es .  Thus far, pro-  
i n s u l i n  does no t  appear t o  con t r i bu te  s i g n i f i c a n t l y  t o  t he  t o t a l  immuno- 
r e a c t i v e  i n s u l i n  f r a c t i o n  o f  plasma i n  these pa t i en t s .  

Our f ind ings i n  su rv i vo rs  o f  Reye's syndrome and t h e i r  fami l ies  i n d i c a t e  
t he  presence o f  heterogenous types o f  abnormal i t ies  o f  pancreat ic  endocrine 
funct ion as re f l ec ted  by t he  increased concent ra t ions o f  i n s u l i n  and glucagon 
under fasted and s t imu la ted  s ta tes  i n  t he  per iphera l  venous c i r c u l a t i o n .  
What r o l e  t h i s  abnormal i ty  p lays i n  t he  development o f  Rrye's syndrome cannot 
be determined. It i s  i n t e r e s t i n g ,  however, t h a t  marked changes i n  t he  con- 
cen t ra t i ons  o f  t he  plasma fuel components which a re  in f luenced by these hor- 
mones a re  found i n  Reye's syndrome. Hormone concent ra t ions i n  t h e  untreated. 
acu te l y  a f f ec ted  sub jec t  are  increased bu t  no t  i n  excess o f  o the r  ca tabo l i c  
s t a tes  o f  metabol ic  s t r ess  (11) .  The l e v e l s  repor ted f o r  these two hormones 
i n  untreated, acu te l y  a f fec ted sub jects  resemble those we r e p o r t  here f o r  
su rv i vo rs  who a re  c l i n i c a l l y  we l l .  If the  hormone concent ra t ions found i n  
su rv i vo rs  were present before t he  Reye's episode, t h e  l e v e l s  repor ted for  t h e  
acu te l y  affected sub jects  a re  unduly low. The p o s s i b i l i t y  must a l s o  be con- 
s idered t h a t  t he  a t yp i ca l  hormne p r o f i l e s  exh ib i t ed  by su rv i vo rs  i s  t he  
r e s u l t  o f  Reye's syndrome. The presence o f  s i m i l a r  abnormal i t ies  i n  some 
unaffected s i b l i n g s  would make t h i s  h i g h l y  un l i ke l y ,  a l though t h e  p o s s i b i l i t y  
t h a t  these s i b l i n g s  sustained a s u b c l i n i c a l  form of  Reye's syndrome cannot be 
excluddd. The p o s s i b i l i t y  t h a t  an environmental f ac to r  con t r i bu tes  t o  t h i s  
phenotype would be excluded by t he  presence o f  these f i nd ings  i n  some, but  
no t  a l l ,  f am i l y  members. Several types o f  abnormal i t ies  have been described 
i n  s i b l i n g s  and parents, but  i n  none of  the parents o r  s i b l i n g s  were both 
i n s u l i n  and glucagon l e v e l s  increased under f as t i ng  condi t ions.  Of t h ree  
s i b l i n g s  w i t h  increased hormone l e v e l s  i n  t he  f as t i ng  s ta te ,  two invo lved 
glucagon alone and one invo lved i n s u l i n  alone. Of t he  four parents w i t h  
h i gh  glucagon l eve l s ,  two had very  low i n s u l i n  l e v e l s  i n  the fas ted s ta te ,  
and two had normal l e v e l s .  The cons i s ten t  abnormal i ty  observed i n  t he  f i v e  
su rv i vo rs  i n  t he  study was e l eva t i on  o f  glucagon and i n s u l i n  under f a s t i n g  
condi t ions.  We propose t h i s  biochemical phenotype may be a  c o n t r i b u t i n g  
f a c t o r  t o  t h e  exaggerated ca tabo l i c  s t a t e  which character izes t he  acute 
syndrome. 
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Age, years  
Sex 
Prodrome 
Stage a t  Dx 
Fever 

FASTING PLASMA GLUCAGON VALUES 

600 
MEANf  S.E.M. 

ADULTS SURVIVORS 

Figure  2 

F a s t i n g  Plasma Glucagon Values 

Legend: Plasma samples c o l l e c t e d  a f t e r  an o v e r n i g h t  f a s t ,  mean 2 SEM, 
glucagon concent ra t ions .  

Table I 

CLINICAL FINDINGS DURING ACUTE DISEASE 

SUBJECT XI $2 X3 X4 X5 

Hepatomegaly 0 + + 0 + 
SGOT (4-40 u n i t s l m l  ) *  1080 1140 1080 1250 570 
SGPT (4-35 u n i t s l m l  ) 672 440 1013 350 
LDH (30-110 u n i t s l m l )  348 360 1119 1000 
CPK (5-80 u n i t s t m i )  . 140 500 3000 
A l k a l i n e  P04'ase (1-30 u n i t s l m l )  3.6 5.2 31 5 

Prothrombin (100%) 87% 75% 
Glucose (60-105 mgI100 ml ) 107 100 
B i l i r u b i n ,  t o t a l  (0.3-1.0mg1100m1) 1.5 1 .O 
BUN (8-20 m I 1 0 0  m l )  6.7 17.5 
S a l i c v l a t e  90 mql l00  m l )  . -  
CS F 

glucose 
p r o t e i n  
c e l l s  
c u l t u r e  neg. neg. 
pressure  increased normal 

I n t e r v a l  between acute  
i l l n e s s  and present  
s tud ies .  years  2.5 2.5 

70 65 32 
12.9 54 15 
0 bloody 7 r b c  
neg. neg. neg. 
normal normal normal 

'Norials a r e  l i s t e d  p a r e n t h e t i c a l l y  + hematemesis 



MEAN INTEGRATED AREAS ABOVE BASELINE L-ARGININE STIMULATION TEST: 

OF INSULIN AND GLUCOSE AFTER ORAL GLUCOSE 

GLUCOSE IN  

MG/IOOrnl/rnin X 1 0 ' ~  

~ U / r n l l r n i n  X 
10 

5 

0 
REYE'S REYE'S CONTROL 

SURVIVORS SIBLINGS CHILDREN 

SIGNIFICANTLY HIGHER THAN CONTROL VALUES ( p <0 .001 )  

F igure 3 

PLASMA INSULIN AND GLUCAGON VALUES 
6 0 0  1 

MEAN VALUE I 

4 0 0  - 
PLASMA 
GLUCAGON 
PG/rnl 

2 0 0  - 

SURVIVORS a 

PARENTS 

NORMAL 
ADULTS 

100 
PLASMA 
INSULIN 
pU/rnl  

5 0  
I n s u l i n  and Glucose Responses A f t e r  Oral Glucose 

Legend: Mean i n teg ra ted  areas above base l ine o f  i n s u l i n  and glucose. 

TIME IN MINUTES 
Figure 4 

L-arg in ine S t imu la t i on  Test: 
Plasma I n s u l i n  and Glucagon Responses 

Copyright O 1979 International Pediatric Research Foundation, Inc. 
003 1-3998/79/0870-0873$02.00/0 

Legend: Mean values f o r  p l a s m  glucagon depic ted i n  upper panel. Mean 
values 2 SEM f o r  plasma i n s u l i n  i n  lower  panel. 
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