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The metabolic effects of glucagon infusion in 
normoglycaemic and liypoglycaemic small-for- 

gestational-age infants
I. Changes in blood glucose, blood lactate and plasma free fatty  acids

By
S c h u l t z , K . ,  M e s t y á n , J . ,  S o l t é s z , G y . and  H o r v á t h , M .

D e p a rtm e n t o f  P aed ia tric s , U n iv e rs ity  M edical School, P écs 
(R eceived  7 A pril, 1976)

The response to  g lucagon  in fusion  o f  blood glucose, b lood  la c ta te  and  
p lasm a F F A  w as s tu d ied  in  7 norm oglycaem ic an d  7 hy p o g ly caem ic  SGA 
in fan ts . The in fan ts  received  glucagon  a t  a  ra te  o f  0.2 gg /kg /m in  in to  a  cephal
ic ve in  fo r a  period  o f fo u r  hou rs .

G lucagon caused a  m a rk e d  and  sign ifican t rise in b lood  glucose in 
bo th  g roups: from  66 ±  12 m g/100 m l to  136 ±  16 m g/100 m l in  th e  n o rm o 
glycaem ic, an d  from  22 ±  2 m g/100 m l to  69 ±  13 m g/100 m l in  th e  h y p o 
glycaem ic in fan ts . The tim e  course o f  th e  response w as d if fe re n t: w hile in 
th e  fo rm er g roup  blood g lucose declined a f te r  th e  second h o u r o f  g lucagon 
infusion, in  th e  hypog lycaem ic  group  th e  response p e rs is ted  th ro u g h o u t 
th e  te s t  period .

Jn  th e  no rm oglycaem ic SGA in fan ts  F F A  fell rap id ly  in  response  to  
glucagon, w hereas no s ig n ific an t change occurred  in  h y pog lycaem ic  in fan ts. 
The d iffe ren t baseline la c ta te  co n cen tra tio n s  were n o t affec ted  sign ifican tly .

C urren t concepts concerning hypo- 
glycaem ia in in trau terine  m alnour
ished newborn infan ts have been fo 
cused upon the role o f gluconeoge- 
nesis, which appears to  be im paired in 
com parison to well-nourished neo 
n a te s  [3, 6, 10. 11, 18]. The p o stn a ta l 
accum ulation  of gluconeogenic am ino 
acids, lac ta te  and  p y ru v a te  in th e  
p lasm a strongly suggests a reduced 
hepa tic  up take o f  these glucose p re 
cursors and  hence a decreased glucose 
synthesis [6, 11]. The possible p a th o 
genic im portance o f dim inished glu- 
coneogenesis is fu rth e r supported  by  
th e  observation th a t  hyperam ino- 
acidaem ia associated w ithhypoglycae- 
m ia is largely due to  increased levels 
o f p rom inen t glucogenic am ino acids 
(alanine, glycine, proline), and the

ex ten t of their accum ulation  in th e  
p lasm a is very m uch d ependen t on 
the severity  of glucose deficiency [6, 
11 ].

On the  basis of these recen t find 
ings it seemed logical to  explore 
w hether glucagon, an  im p o rtan t re 
gu la to r o f glucogenolysis an d  gluco- 
neogenesis, is capable u n d er such 
m etabolic conditions to  stim ulate  
endogenous glucose p ro d u c tio n  by 
increasing the u tiliza tion  o f glucoge
nic am ino acids and  th u s  to  p rev en t 
their accum ulation in th e  p lasm a 
of severely underw eight new born in
fan ts. In  view of its physiological role 
in gluconeogenesis it ap p eared  reason
able to  assume th a t glucagon m ight 
be used as a therapeu tic  too l in neo
n a ta l hypoglycaem ia to  stim u late
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h e p a t i c  g lu c o s e  s y n t h e s i s  b y  t h e  g l u c o 

n e o g e n i c  p a t h w a y .  S u c h  a n  a t t e m p t  

b a s e d  p r i m a r i l y  o n  t h e  g l u c o g e n o l y t i c  

e f f e c t  o f  e x o g e n o u s  g l u c a g o n  h a s  a l 

r e a d y  b e e n  m a d e  [ 9 ] ,  b u t  b e c a u s e  o f  

t h e  v a r i a b i l i t y  o f  t h e  r e s u l t s  i t  w a s  

n o t  r e c o m m e n d e d  f o r  t h e r a p y  o f  n e o 

n a t a l  h y p o g l y c a e m i a  in  s m a l l - f o r -  

g e s t a t i o n a l - a g e  (S G A ) i n f a n t s .

M a t e r i a l  a n d  M e t h o d s

T w o groups o f SGA n ew b o rn s  were 
s tu d ie d : seven norm oglycaem ie  a n d  seven 
hy p o g ly caem ic  in fan ts , w ho  w ere  a d m itted  
to  o u r  re fe rra l n eo n a ta l u n i ts  fo r obser
v a tio n  an d  tre a tm e n t. A ssesm en t o f 
b o d y  size in  re la tion  to  g e s ta tio n a l age 
w as b ased  on th e  p o sitio n  o f  th e  in fan ts  
on  o u r  local in tra u te r in e  g ro w th  ch a rt: 
b ir th  w eigh t was low er th a n  th e  1 Oth 
p e rcen tile , and  all in fa n ts  a p p e a re d  clin i
c a lly  w asted . The a v e rag e  p e rcen tag e  
w e ig h t d efic it am oun ted  to  31 .6%  in th e  
no rm oglycaem ie  and  43 .2%  in  th e  h y 
po g ly caem ic  babies.

D a ta  for the tw o g ro u p s  o f  in fa n ts  are 
su m m arized  in Table I . T he  norm oglycaem - 
ic g ro u p  included 4 fu ll- te rm  (ges ta tiona l 
age  > 3 7  weeks) and 3 p re te rm  (g es ta tiona l

age < 3 7  w eeks) in fa n ts ; th e  h y pog lycaem 
ic g ro u p  co m p rised  o f  3 fu ll-te rm  an d  4 
p re te rm  in fa n ts . F ro m  T able I  i t  can  be 
seen t h a t  in  th e  hypoglycaem ic group  
m ean  b ir th  w e ig h t and  p o s tn a ta l age a t  
w hich th e  in fa n ts  w ere exam ined , w ere 
low er th a n  in  th e  norm oglycaem ie SGA 
in fan ts . T w o norm oglycaem ie  in fa n ts  were 
born  in  a sp h y x ia  and  four hypoglycaem ic 
in fan ts  a f te r  a  toxaem ic  p regnancy .

A ll s tu d ie s  w ere perfo rm ed  e ith e r  b e 
fore th e  f i r s t  feed ing , o r four h o u r a f te r  a 
feed ing  o f  e v a p o ra te d  m ilk  fo rm ula , o r 
b re a s t m ilk . H y p og lycaem ia  was d iagnosed  
sh o r tly  a f te r  adm ission  betw een 3 an d  18 
hou rs p o s tn a ta l ly .  I n  fu ll-te rm  in fan ts  a  
blood g lucose  level below 30 m g /100 m l, 
in  p re te rm  in fa n ts  one below 20 m g /100 m l 
w as accep ted  as  th e  crite rion  o f hypog lycae
m ia. N e ith e r  o n  adm ission no r d u rin g  
g lucagon  in fu sio n  w ere sym ptom s a t t r i b u t 
able to  h y p o g ly cae m ia  observed.

A ll in fa n ts  received  an  in fusion  o f 
g lucagon  a t  a  ra te  o f 0.2 ^g /kg /m in  in to  a 
cephalic  v e in  fo r a period o f fo u r hours. 
B lood w as d ra w n  from  th e  c u b ita l ve in  
a t  zero tim e  an d  a t 1 , 2 , 3  ,4 h o u rs  for 
b lood g lucose, blood lac ta te , anti p la sm a  
free f a t ty  ac id  d e te rm in a tio n . B lood 
sam ples fo r am in o  acid ana ly s is were 
o b ta in ed  a t  zero tim e, and  in th e  2nd 
and  4 th  h o u r  o f  th e  te s t  period.

G lucose a n d  la c ta te  co n cen tra tio n  w as 
d e te rm in e d  b y  th e  o rth o to lu id in e  m ethod

T a b l e  I

Gestational age, birth  weight and postnatal age in the two groups of infants

N orinogl ycaem ic 
SGA in fan ts

Hypoglycaemic 
SGA infants

Gestational age, wk 3 6 ,6 3 6 ,0
( 3 2 - 3 8 ) ( 3 1 - 4 3 )

Birth weight, g 2 0 6 6 1 5 0 0
( 1 3 0 0 - 2 7 9 0 ) ( 1 0 7 0 - 1 8 6 0 )

Postnatal age at 13 8
time of investigation, hr ( 3 - 3 1 ) ( 3 - 1 8 )

No. of infants 7 7

Ranges for age, weight and postnatal age are in parentheses.
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described  by  P rice  [15] and  by  th e  m e th o d  
rep o rted  by  H u ck ab ee  [7], respective ly . 
P la sm a  F F A  w as ana ly sed  accord ing  to  
D a lto n  and  K ow aisk y  [4].

D ifferences be tw een  group av e rag es 
w ere com pared b y  th e  s tan d a rd  t te s t .

R e s u l t s

M e a n  i  S E  o f  g lu c o s e ,  l a c t a t e  a n d  

F F A ,  o b t a i n e d  p r i o r  t o  a n d  a t  h o u r l y

i n t e r v a l s  d u r i n g  g l u c a g o n  i n f u s i o n  in  

t h e  t w o  g r o u p s  o f  i n t r a u t e r i n e  m a l 

n o u r i s h e d  i n f a n t s  a r e  s u m m a r i z e d  

in  T a b l e s  I I ,  I I I  a n d  I V .

G l u c a g o n  in f u s io n  c a u s e d  a  s i g n i f 

i c a n t  r i s e  in  b lo o d  g l u c o s e  f r o m  

6 6  d i  1 2  m g /1 0 0  m l  t o  a  m a x i m u m  

l e v e l  o f  1 3 6  ±  16  b y  1 2 0  m i n u t e s  in  

t h e  n o r m o g l y c a e m ic ,  a n d  f r o m  2 2 ± 2  

m g / 1 0 0  m l  t o  6 9 ± 1 3  b v  1 8 0  m i n u t e s

T a b l e  I I

Blood glucose level* before and during glucagon infusion in normoglycaemic 
and hypoglycaemic SGA infants

Before
glucagon
infusion

D uring glucagon infusion

1 hr 2 hr 3 hr 4 hr

t t
N ormogly caemic ее 129 135 103 71
SGA infants ±12 ± 1 3 ± 1 6 ± 1 9 ± 1 3

t t t t
Hypoglycaemic 22 53 64 69 63
SGA infants ± 2 ± 7 ± 1 2 ± 1 3 ± 1 5

* Concentrations are  given in mg/100 m l (mean +  SE) 
+  p  -< 0.05

j  p  <  0 .001

T a b l e  I I I

Blood lactate  level* before and during glucagon infusion in normoglycaemic 
and hypoglycaemic SGA infants

Before
glucagon
infusion

D uring glucagon infusion

1 h r 2 h r 3 hr 4 h r

N ormoglycaemic 20 18 21 25 28
SGA infants ± 5 ± 3 ± 4 ± 6 ± 10

Hypoglycaemic 32 33 29 29 29
SGA infants ± 6 ± 5 ± 5 ± 6 ± 6

* Concentrations are  given in mg/100 m l (mean ±  SE)
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T a ble  IV

Plasma FFA* level before and during glucagon infusion in normoglycaemic 
and hypoglyeaemie SGA infants

Before
glucagon
infusion

D uring  glucagon infusion

1 h r 2 h r 3 h r 4 h r

** ** **

Normoglycaemic 1418 1022 490 459 565
SGA infants ±210 ±220 ± 79 ±154 ±163

Hypoglyeaemie 529 677 563 292 357
SGA infants ±141 ±209 ±223 ±73 ±129

* C oncen tra tions a re  g iven  in  /í E / 1 (m ean  ;± SE ). 
** p c  0.01.

in  t h e  h y p o g l y e a e m i e  S G A  i n f a n t s .  

T h e s e  p e a k  c o n c e n t r a t i o n s  r e p r e s e n t 

e d  i n c r e m e n t s  o f  1 3 4 %  a n d  3 0 9 %  

r e s p e c t i v e l y .  T h e  a b s o l u t e  a n d  r e l a 

t i v e  r i s e s  i n  b l o o d  g l u c o s e  u n d o u b t 

e d l y  s h o w  t h a t  h y p o g l y e a e m i e  u n d e r 

w e i g h t  i n f a n t s  a r e  c a p a b l e  t o  m o b i 

l i z e  e n d o g e n o u s  g l u c o s e  i n  r e s p o n s e  t o  

g l u c a g o n  in f u s i o n .  N o t  o n l y  t h e  m a g 

n i t u d e  b u t  a l s o  t h e  t i m e  c o u r s e  o f  t h e  

b l o o d  g lu c o s e  c h a n g e s  d u r i n g  g l u c a 

g o n  a d m i n i s t r a t i o n  w a s  d i f f e r e n t  in  

t h e  t w o  s t u d y  g r o u p s  ( F i g .  1 ). W h i l e  

i n  t h e  n o r m o g l y c a e m i c  S G A  n e o n a t e s  

b l o o d  g lu c o s e  d e c l i n e d  r a p i d l y  a f t e r  

t h e  s e c o n d  h o u r  o f  g l u c a g o n  in f u s io n ,  

i n  t h e  h y p o g l y e a e m i e  g r o u p  t h e  e l e 

v a t e d  l e v e l  p e r s i s t e d  t h r o u g h o u t  t h e  

t e s t  p e r i o d .  T h i s  s t r i k i n g  d i f f e r e n c e  

i n  t h e  t y p e  o f  r e s p o n s e  is  b e s t  s h o w n  

b y  t h e  g lu c o s e  c o n c e n t r a t i o n  o b t a i n e d  

a t  t h e  e n d  o f  i n f u s i o n ;  i n  t h e  n o r m o 

g l y c a e m i c  i n f a n t s  i t  a l m o s t  r e t u r n e d  

t o  t h e  s t a r t i n g  v a l u e ,  w h i l e  i n  t h e  

h y p o g l y e a e m i e  o n e s  i t  s t i l l  e x c e e d e d  

t h e  b a s e l i n e  b y  2 4 8 % .

I n  S G A  n e w b o r n s  w i t h  n o r m a l  

b l o o d  g lu c o s e  c o n c e n t r a t i o n s ,  t h e  

l a c t a t e  l e v e l  s h o w e d  a  s l i g h t  t e n d e n c y

Glucagon infusion

F i g . I . C hanges in  blood glucose a n d  p la s 
m a  F F A  in  response to  g lucagon  in fusion  
in  no rm oglycaem ic ( •  ) a n d  hypoglycaem - 
ic (o) SG A  in fan ts. The u p p e r p a r t  show s 
th e  m e a n  response ±  SE  in  p la sm a  F F A , 
a n d  th e  low er p a r t  th e  m e a n  response ;± 

SE in blood glucose
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to rise towards the end of glucagon 
infusion (Table 111). In contrast, 
in the hypoglycaemic infants the 
somewhat, hut not significantly, high
er baseline level remained practically 
unchanged.

The significantly different plasma 
FFA concentrations were differently 
affected by glucagon infusion (Table 
IV and Fig. 1): while the high FFA 
declined rapidly and significantly in 
normoglycaemic SGA infants, first a 
transient rise and later a small reduc
tion of the much lower FF Alevel oc
curred in hypoglycaemic SGA infants. 
These changes were not significant.

As regards the mean blood urea 
level, while in the normoglycaemic 
group a gradual rise was observed, no 
change occurred in the hypoglycam- 
ic SGA infants (Table V). This 
difference, although statistically in
significant, points to a glucagon 
stimulated glucose production from 
amino acid precursors in normogly
caemic SGA babies.

T a b le  V
B lood u rea  n itro g en  level* before and  d u r 
ing  g lucagon  in fusion  in  norm oglycaem ic 

an d  hy p o g ly caem ic  SGA in fan ts

Before
glucagon
infusion

During glucagon 
infusion

2 h r 4 h r

N ormoglycaemic 18.4 22.4 33.3
SGA infants ± 4 .3 ± 4 .9 ± 11.6

Hypoglycaemic 17.2 15.7 17.7
SGA' infants ± 3 .5 ± 2 .4 ±2.1

* Concentrations are given in mg/100 m l 
(mean ±  SE)

D is c u s s io n

T h e  r e s u l t s  o u t l i n e d  u n d o u b t e d l y  

s h o w ,  t h a t  n o t  o n l y  t h e  n o r m o g l y c a e m 

ic  b u t  a l s o  t h e  h y p o g l y c a e m i c  S G A  

i n f a n t s  r e s p o n d e d  t o  g l u c a g o n  i n f u 

s i o n  b y  a  c o n s i d e r a b l e  i n c r e a s e  in  

b l o o d  g lu c o s e .  H e p a t i c  g l u c o s e  r e l e a s e ,  

w h i c h  r e s u l t e d  in  a  t h r e e f o l d  r i s e  f r o m  

t h e  h y p o g l y c a e m ic  b a s e l i n e  v a l u e s ,  

r a i s e d  t h e  b lo o d  g lu c o s e  v a l u e  t o  

n o r m a l  n e o n a t a l  l e v e l s  w h i c h  p e r s i s t 

e d  u n t i l  t h e  e n d  o f  t h e  4  h o u r  i n f u s i o n  

j j e r i o d .  T h e  c o u r s e  o f  t h e  r e s p o n s e  

w a s  d i f f e r e n t  in  t h e  n o r m o g l y c a e m i c  

S G A  i n f a n t s ;  in  t h e s e  t h e  d o u b l e d  

b l o o d  g lu c o s e  le v e l  d e c l i n e d  d u r i n g  

t h e  s e c o n d  h a l f  o f  t h e  t e s t  p e r i o d .

T h e  g l u c a g o n - i n d u c e d  i n c r e a s e  in  

b l o o d  g l u c o s e  c o n c e n t r a t i o n  s u p p o r t e d  

e a r l i e r  [ 1 ,  1 4 ]  a n d  r e c e n t  [ 5 ]  r e s u l t s  

o b t a i n e d  b y  s in g le  i n t r a m u s c u l a r  o r  

i n t r a v e n o u s  i n j e c t i o n  o f  g l u c a g o n ,  

a n d  s h o w e d  t h a t  i n t r a u t e r i n e  m a l 

n u t r i t i o n  is  n o t  n e c e s s a r i l y  a s s o c i a t e d  

w i t h  a n  i n a b i l i t y  t o  i n c r e a s e  g l u c o s e  

p r o d u c t i o n .  E v e n  t h e  l i v e r  o f  h y p o 

g l y c a e m i c  S G A  i n f a n t s  w a s  c a p a b l e  

t o  r e s p o n d  t o  g l u c a g o n  s t i m u l a t i o n .  

I n  c o n t r a s t ,  L e  D u n e  [ 9 ]  i n  h e r  r e 

p o r t  o n  t h e  e f f e c t  o f  3 0  p g / k g  g l u c a g o n  

in  n o r m a l  a n d  h y p o g l y c a e m i c  S G A  

n e o n a t e s  c o n c lu d e d  t h a t  t h e  l a t t e r  

i n f a n t  c a t e g o r y  s h o w e d  a  s i g n i f i 

c a n t l y  l o w e r  r e s p o n s e  t h a n  t h e  f o r m e r  

i n  t e r m s  o f  m a x i m u m  g l u c o s e  l e v e l s  

a t t a i n e d  t h r o u g h o u t  a  9 0  m i n u t e  t e s t  

p e r i o d .  E v a l u a t i o n  o f  a  d i f f e r e n c e  in  

g l u c a g o n  s t i m u l a t i o n  in  t e r m s  o f  

m a x i m u m  g lu c o s e  le v e l s  m a y ,  h o w 

e v e r ,  b e  m i s le a d in g  w h e n  i n f a n t -  

g r o u p s  w i t h  c o n s i d e r a b l y  d i f f e r e n t

5*.; Acta Paediatrica Academiae Scientiarum llungaricae 17, 1976



242 К . Schultz et ál. : Effects of glucagon

b a s e l i n e  v a l u e s  a r e  c o m p a r e d .  I t  is 

t h e  i n c r e m e n t  w h i c h  s h o u l d  b e  u s e d  

a s  a n  i n d e x  o f  h e p a t i c  g lu c o s e  r e le a s e .  

U s i n g  t h i s  i n d i c a t o r ,  L e  D u n e ’s  r e 

s u l t s  a r e  i n  f a c t  n o t  i n c o n s i s t e n t  w i t h  

t h e  p r e s e n t  o b s e r v a t i o n .  S t i l l ,  a  c o m 

p a r i s o n  w i t h  o u r  f i n d i n g s  is  s o m e w h a t  

h a m p e r e d  b y  t h e  d i f f e r e n c e  i n  a p 

p r o a c h  t o  t h e  p r o b l e m  a n d  i n  t h e  

m o d e  o f  g l u c a g o n  a d m i n i s t r a t i o n .  

T h e  a m o u n t  o f  g l u c a g o n  d i d  n o t  d i f 

f e r  m u c h  b e t w e e n  t h e  t w o  s e r ie s  o f  

e x a m i n a t i o n s :  w h i l e  w e  i n f u s e d

g l u c a g o n  a t  a  c o n s t a n t  r a t e  o f  0 .2  

/x g /k g /  m i n  r e p r e s e n t i n g  a  t o t a l  a m o u n t  

o f  4 8  |i tg /k g  f o r  t h e  4  h o u r  i n f u s io n  

p e r i o d ,  L e  D u n e  g a v e  3 0  /x g /k g  in  a  

s i n g l e  i n t r a m u s c u l a r  i n j e c t i o n .

I n  t h e  n o r m o g l y c a e m i c  SGA i n 

f a n t s  t h e  r a p i d  d e c l i n e  o f  b l o o d  g l u 

c o s e  f o l l o w in g  t h e  s e c o n d  h o u r  o f  

g l u c a g o n  i n f u s i o n  i n d i c a t e d  h o r m o n a l  

o r  m e t a b o l i c  e v e n t s  o p p o s i n g  t h e  

h y p e r g l y c a e m i c  e f f e c t  o f  g l u c a g o n .  

O n  t h e  c o n t r a r y ,  i n  t h e  h y p o g l y c a e m -  

i c  g r o u p  t h e  m a r k e d  g l u c o s e  r e 

s p o n s e  p e r s i s t e d  t h r o u g h o u t  t h e  e n t i r e  

4  h o u r  o b s e r v a t i o n  p e r i o d .  T h i s  u n 

o p p o s e d  a c t i o n  o f  g l u c a g o n  s u g g e s t s  

a n  e s s e n t i a l  d i f f e r e n c e  b e t w e e n  t h e  

t w o  g r o u p s  o f  SGA i n f a n t s  a s  f a r  

a s  t h e  i n f l u e n c e  a n d  t h e  i n t e r a c t i o n s  

o f  h o r m o n e s  in  t h e  c o n t r o l  o f  g lu c o s e  

h o m e o s t a s i s  a r e  c o n c e r n e d .

T h e  m o s t  l i k e l y  c a u s e  o f  t h e  s u p p r e s 

s i o n  o f  t h e  e f f e c t  o f  g l u c a g o n  is  a n  

i n c r e a s e d  i n s u l i n  s e c r e t i o n .  I t  is  

w e l l - k n o w n  t h a t  g l u c a g o n  s t i m u l a t e s  

i n s u l i n  s e c r e t i o n  n o t  o n l y  b y  c a u s in g  

h y p e r g l y c a e m i a  b u t  a l s o  b y  a  d i r e c t  

s t i m u l a t i n g  e f f e c t  u p o n  t h e  c e lls  o f  

t h e  p a n c r e a s  [2 ,  1 2 , 1 7 ] .  I t  is  t e m p t 

ing to suggest that the persistently 
elevated blood glucose concentration 
in the hypoglycaemic SGA infants 
throughout the test period may be 
due to a weak or lacking insulin 
response to exogenous glucagon.

A l t h o u g h  t h e  p r e s e n t  s t u d y  f a i l e d  

t o  p r o v i d e  d i r e c t  e v id e n c e  f a v o u r i n g  

t h i s  i n t e r p r e t a t i o n ,  t h e  c h a n g e s  i n  

p l a s m a  F F A  a n d  a m i n o  a c id s  a s s o 

c i a t e d  w i t h  g lu c a g o n  i n f u s i o n  a l s o  

p o i n t  t o w a r d  t h e  p o s s i b i l i t y  t h a t  a n  

a l t e r e d  g l u c a g o n - i n s u l i n  r e l a t i o n s h i p  

l ie s  a t  t h e  r o o t  o f  t h e  d i f f e r e n t  m e t a b 

o l ic  b e h a v i o u r  o f  t h e  t w o  g r o u p s  o f  

i n t r a u t e r i n e  m a l n o u r i s h e d  i n f a n t s .  L e  

D u n e  [ 9 ]  a n d  R e i s n e r  e t  a l .  [ 1 6 ]  s t u d 

ie d  t h e  e f f e c t  o f  g l u c a g o n  o n  p l a s m a  

i n s u l i n  c o n c e n t r a t i o n  in  S G A  i n 

f a n t s ,  a n d  c o n c lu d e d  t h a t  t h e  f a s t i n g  

a n d  t h e  m a x i m u m  i n s u l in  l e v e l s  w e r e  

h i g h e r  i n  t h e  h y p o g l y c a e m ic  b a b i e s .  

I n  S G A  i n f a n t s  w h o s e  b l o o d  g l u c o s e  

l e v e l  w a s  s i g n i f i c a n t l y  d e p r e s s e d ,  t h e  

f a s t i n g  i n s u l i n  l e v e l  a n d  t h e  p e a k  

w h i c h  o c c u r r e d  b e t w e e n  2 a n d  5  

m i n u t e s  a f t e r  g l u c a g o n  a d m i n i s t r a 

t i o n  w a s  h i g h e r  t h a n  i n  n o r m a l  f u l l -  

t e r m  i n f a n t s  [1 6 ] .  I n  L e  D u n e ’s 

s t u d y  t h e  s t a t i s t i c a l  c o m p a r i s o n  o f  

t h e  m a x i m u m  i n s u l in  l e v e l s  w a s  

m e a n i n g l e s s ,  s in c e  t h e  b a s e l i n e  c o n 

c e n t r a t i o n  w a s  d i f f e r e n t  i n  t h e  t w o  

g r o u p s  o f  i n f a n t s .  A s  r e g a r d s  t h e  

m e a n  p l a s m a  i n s u l in  l e v e l s  a t  d i f f e r 

e n t  t i m e s  a f t e r  t h e  i n j e c t i o n  o f  g l u c a 

g o n ,  n e i t h e r  i n t r a - ,  n o r  i n t e r g r o u p  

d i f f e r e n c e s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  

w e r e  o b s e r v e d .  T h e  h y p o g l y c a e m i c  

S G A  i n f a n t s  i n  L e  D u n e ’s  m a t e r i a l  

s h o w e d ,  h o w e v e r ,  l a r g e  v a r i a t i o n s  

i n  p l a s m a  i n s u l in  c o n c e n t r a t i o n ,  a n d
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p a r t  o f  t h e m  w e r e  i n  f a c t  h y p e r i n s u -  

l i n a e m i c .  T h u s ,  b y  a p p l y i n g  a d d i t i o n 

a l  h o r m o n a l  o r  m e t a b o l i c  p a r a m e 

t e r s ,  h y p o g l y c a e m i c  S G A  i n f a n t s  c a n  

b e  d i v i d e d  i n t o  f u r t h e r  s u b g r o u p s .

T h e  a s s u m p t i o n  t h a t  a  l a c k i n g  

o r  d i m i n i s h e d  i n s u l i n  r e s p o n s e  c a n  b e  

a  f a c t o r  r e s p o n s i b l e  f o r  t h e  u n o p p o s e d  

h y p e r g l y c a e m i c  e f f e c t  o f  g l u c a g o n  

is  s u p p o r t e d  b y  o b s e r v a t i o n s  m a d e  o n  

a d u l t s  t h a t  h y p o g l y c a e m i a ,  o r  2 - 4  

d a y s  s t a r v a t i o n  m a y  a b o l i s h  t h e  in -  

s u l i n o t r o p i c  e f f e c t  o f  g l u c a g o n  [ 1 7 ] .  

A n  i n c r e a s e d  s y m p a t h e t i c  n e r v o u s  

a c t i v i t y  a s s o c i a t e d  w i t h  g lu c o s e  d e 

f i c i e n c y  m a y  a l s o  c o n t r i b u t e  t o  t h e  

s u p p r e s s i o n  o f  g l u c a g o n - p r o m o t e d  i n 

s u l i n  r e l e a s e  [ 8 ] .  O t h e r  f a c t o r s  s u c h  

a s  t h e  p l a s m a  s u b s t r a t e  p r o f i l e  s h o u l d  

a l s o  b e  c o n s i d e r e d  in  t h e  i n t e r p r e t a 

t i o n  o f  t h e  d i f f e r e n t  t y p e  o f  b l o o d  g l u 

c o s e  r e s p o n s e  t o  g l u c a g o n  in  t h e  h y p o 

g l y c a e m i c  a n d  n o n  h y p o g l y c a e m i c  

i n t r a u t e r i n e  m a l n o u r i s h e d  i n f a n t s .  I n  

t h i s  r e s p e c t  t h e  p l a s m a  a m i n o  a c id s  

m i g h t  b e  i m p o r t a n t  [ 1 3 ] .  I n  v i e w  

o f  o b s e r v a t i o n s  in  v i t r o  i t  is  

n o t  u n r e a s o n a b l e  t o  a s s u m e  t h a t  

a l t e r e d  p l a s m a  c o n c e n t r a t  io n s  o f  s o m e  

a m i n o  a c id s  s u c h  a s  e .g .  l e u c i n e ,  a r 

g i n i n e  a n d  a l a n i n e  m a y  p r o f o u n d l y  

m o d i f y  t h e  g l u c a g o n - i n s u l i n  r e l a t i o n 

s h i p  e i t h e r  b y  p o t e n t i a t i n g ,  o r  b y  

s u p p r e s s i n g  g l u c a g o n  o r  g l u c o s e - m e 

d i a t e d  i n s u l in  r e le a s e .

B e s i d e s  a n  a l t e r e d  g l u c a g o n  p r o 

m o t e d  in s u l in  r e s p o n s e  a  d e c r e a s e d  

s e n s i t i v i t y  o f  t h e  l i v e r  t o  i n s u l i n  m a y  

a l s o  a c c o u n t  f o r  t h e  s u s t a i n e d g l y c a e m -  

ic  e f f e c t  o f  g l u c a g o n  i n f u s i o n .  I n  

t l i i s  c a s e ,  a s  i t  h a s  b e e n  o b s e r v e d  b y  

L e  D u n e  [ 9 ]  a n d  R e i s n e r  e t  a l .  [ 1 6 ] ,

a  n o r m a l  o r  i n c r e a s e d  i n s u l in  s e c r e 

t i o n  l e a v e s  t h e  h e p a t i c  a c t i o n  o f  

g l u c a g o n  u n o p p o s e d .  A s  a  c o n s e 

q u e n c e ,  g l u c a g o n  c a n  b r i n g  a b o u t  a n  

i n c r e a s e d  r a t e  o f  g lu c o s e  p r o d u c t i o n .  

T h e  s e n s i t i v i t y  t o  i n s u l in  o f  t h e  d i f 

f e r e n t  g l u c a g o n - a c t i v a t e d  m e t a b o l i c  

p r o c e s s e s  c a n  b e  d i f f e r e n t ,  o n e  m a y  

r e q u i r e  h i g h e r  i n s u l i n  l e v e l s  f o r  s u p 

p r e s s i o n  t h a n  t h e  o t h e r .  S u c h  a  

m o d i f i c a t i o n  o f  t h e  i n t e r a c t i o n  o n  t h e  

l i v e r  o f  t h e  tw ro  h o r m o n e s  is  a l s o  a  

r e a s o n a b l e  w o r k i n g  c o n c e p t  f o r  f u r 

t h e r  s t u d i e s  t o  e x p l o r e  t h e  u n d e r l y i n g  

m e c h a n i s m s  o f  t h e  d i f f e r e n t  m e t a b o 

l ic  b e h a v i o u r  o f  t h e  n o r m o -  a n d  

h y p o g l y c a e m i c  S G A  i n f a n t s .

T h e  u n o p p o s e d  a c t i o n  o f  g l u c a g o n  

o n  h e p a t i c  g l u c o s e  r e l e a s e  in  h y p o g l y 

c a e m ic  i n f a n t s  s u g g e s t s  a n  e s s e n t i a l  

d i f f e r e n c e  b e t w e e n  n o r m o g l y c a e m i c  

a n d  h y p o g l y c a e m i c  S G A  i n f a n t s  

a s  f a r  a s  t h e  i n f l u e n c e  a n d  t h e  i n t e r 

a c t i o n  o f  h o r m o n e s  i n  t h e  c o n t r o l  

o f  g lu c o s e  h o m e o s t a s i s  is  c o n c e r n e d .  

A n  a l t e r e d  g l u c a g o n - i n s u l i n  r e l a t i o n 

s h i p  m i g h t  b e  a t  t h e  r o o t  o f  t h e  

d i f f e r e n t  m e t a b o l i c  b e h a v i o u r .
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