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Summary. Continuous glucose infusions over a 60 rain 
period were carried out in 24 human subjects. A priming 
dose of 0.33 gm glueose/kg was followed by a constant 
infusion of 20 mg glueose/kg/min. The glucose-stimulated 
insulin release curves were biphasic (Phase I and II) in 
all subjects. The diabetics, compared with normal con- 
trols, showed decreased total insulin release with a greater 
decrement in phase I. Starvation of normal subjects for 
48 h resulted in decreased insulin release, though Phases I 
and I I  were equivalently diminished. Rats were starved 
for 48 h and their panereata studied in the isolated pan- 

ereas perfusion system. Following glucose stimuli, insulin 
release showed a pattern similar to that of diabetics, 
namely, decreased total insulin and a greater decrease in 
phase I than II. I t  is postulated that this period of starva- 
tion for a small animal was far more pronounced than 
that in man. The altered insulin secretory pattern in 
prolonged starvation is an additional manifestation of 
"starvation diabetes" and suggests the possibility of si- 
milar defects in starvation and diabetes. 
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Glucose stimulates the normal pancreas to release 
insulin, both in r ive and in vitro, in a biphasic fashion 
[1--4]. The first phase occurs within 3 to 5 min of an 
intravenous glucose stimulus and is characterized by 
a sharp peak of insulin release which rapidly declines 
to approximately 50~o of peak levels despite conti- 
nuation of the glucose stimulus. This decline lasts 1 to 
3 min and then the second phase begins. This phase is 
characterized by a gradually increasing rate of insulin 
secretion which lasts as long as the stimulus is continued 

In  "prediabetie" and diabetic human subjects, 
Cerasi and Luft showed that  the initial rapid phase 
of glucose stimulated insulin release was diminished 
or absent and that  this phase could be restored in the 
"prediabetics" by an infusion of theophylline along 
with the glucose [3] [5]. Other evidence supports the 
contention that  in diabetes an insulin secretion defect 
specific to glucose exists [6]. Since starvation is also 
associated with a defect in glucose induced insulin 
release which can be overcome by theophylline [7] [8], 
it is possible that  the defect in glucose induced insulin 
release in diabetes mellitus and fasting is similar [8-- 12]. 
If  this hypothesis is true, then the changes in the 
glucose induced biphasic insulin response seen in 
diabetes might also be seen with starvation. Therefore, 
studies of the effects of 48 h starvation on glucose 
induced insulin release patterns in normal human 
subjects as well as in experimental animals were 
undertaken. 

Materials and Methods 

Human Experiments 

Table 1 presents data in the two groups of subjects 
studied. The normal group was composed of 12 healthy 
volunteers with no family history of diabetes mellitus 

and no glucose intolerance during a standard oral glu- 
cose tolerance test. Six were male and 6 female with an 
average age of 35 (range: 20--64). None were obese 
(.mean percentage of normal body weight according to 
tables of the Metropolitan Life Insurance Co. : 105.8~ 
The diabetic group consisted of 9 males with an average 
age of 53.2 years (range: 41--62). All were adult onset 
diabetics ; 6 had a family history of diabetes. All were 
treated with diabetic diets, while 2 subjects also 
received 1 g tolbutamide daily until 1 week prior to 
study. Two of this group were overweight (120~ and 
121% of normal body weight). The mean percentage 
body weight for this group was 108.1. 

The glucose infusion studies were performed in 
8 normal subjects and 9 diabetic patients after an 
overnight fast, and in 7 normal subjects after 48 hours 
of fasting. The studies were performed in the following 
manner. 

All subjects were maintained on an ad lib diet for 
at least 1 week prior to testing. Then food was withheld 
either overnight or for 48 h. The glucose infusion was 
begun in the morning, utilizing a modification of the 
technique described by Cerasi and Luft. An in-dwelling 
needle was placed in the antecubital vein of each arm 
and kept patent by flushing intermittently with saline 
and heparin. A priming dose of 0.33 g of glucose/kg 
b.w. (26% w/v) was injected intravenously within 
1 to 2 min. This was immediately followed by a constant 
infusion of 20 mg glucose/kg b. w./min in a 15% glucose 
solution (w/v) for 60 min. The rate of infusion was 
controlled with a Harvard pump. With this infusion, 
a blood glucose (BG)concentrat ion of approximately 
300 mg/100 ml was achieved. During the control 
period for the glucose infusion studies, venous blood 
samples were obtained 60 min, 30 rain and 0 min before 
the start of the glucose infusion. After the start of the 
infusion, blood was sampled every 30 see for the first 
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6 rain, every minute from minute 7 to rain i0, and at 
5 min intervals from minute 10 to rain 60. After the in- 
fusion was stopped, sampling at 5 minute intervals was 
carried out for 50 min. Blood glucose (BG) was measured 
on the same day of the infusion, utilizing a glucose- 
oxidase procedure. The rate of glucose disappearance 
(kg) was ca lcu la ted  b y  p lo t t i ng  t h e  decay  of the  b lood  
glucose values  on a semi logar i thmie  scale be tween  
60 and  l l 0  rain. P l a s m a  was sepa ra t ed  r a p i d l y  in t he  
cold and  frozen a t  - -20~ for l a t e r  d e t e r m i n a t i o n  of 

cals, U.S.A.  The perfus ions  were carr ied  ou t  a t  pressures  
of 65 - -80  m m  H g  and  the  flow ra tes  were cons t an t  a t  
7 - - 9  ml  pe r  min  over  the  t ime  course of the  usua l  
perfusion.  E d e m a  was on ly  r a re ly  encounte red  when 
perfusions were con t inued  b e y o n d  90 min.  Insu l in  
was measu red  a t  30 sec in t e rva l s  over  the  first  10 min  
and  t hen  a t  1 min  in te rva ls .  Since the  flow ra tes  were 
so cons tan t ,  the  insul in  was ca lcu la ted  as ~U/ml /minu te .  
The t o t a l  I I~I  in  Peak  I was t he  sum of t he  first  6 rain 
and  Peak  I I  of 30 min.  

Table 1. Experimental subjects 

Subject Sex Age t te ight  Weight  % Ideal  
(yr) (cm) (kg) body weight 

Normals : 
WC iV[ 38 172.7 77.7 109 
ST F 20 157.5 54.1 105 
LC F 22 152.4 47.7 105 
SR F 34 170.2 60.9 102 
W K  M 64 182.9 82.7 104 
GF M 32 182.9 81.8 103 
WB 3/i 36 185.4 84. i l 11 
AP 2VI 30 172.7 80.0 112 
JG 31 53 185.4 90.0 110 
BP F 38 137.2 57.7 98 
ME F 36 156.9 58.2 102 
JC F 23 152.4 52.7 108 

35.5-t-3.6 105.8:J= 1.2 
Diabetics : 
GR M 50 165.1 59.1 97 
JM M 42 182.9 82.7 104 
W K  M 41 175.3 81.8 112 
WV M 58 167.6 64.6 104 
FO M 55 188.0 95.5 120 
SG M 62 180.3 90.9 121 
RL M 51 175.3 77.3 105 
SB M 57 170.2 72.7 105 
CA M 43 175.3 76:8 105 

51.0=t=3.4 108.1~2.7 

the  I g I .  F o r  t h a t  purpose,  a double  a n t i b o d y  radio-  
i m m u n o a s s a y  techn ique  was used [13]. 

Phase  I insul in  secre t ion  was defined as t h a t  
po r t ion  of insul in  re leased dur ing  the  first 10 rain of 
glucose infusion,  while phase  I I  is t h a t  po r t i on  of 
insul in  re leased over  the  nex t  50 min  un t i l  the  g lucose  
infusion was d iscont inued.  Insu l in  release was calcula t -  
ed as the  inc remen t  in  insul in  level  above  the  basa l  
insul in  level.  These inc rements  were t hen  t o t a l l e d  for 
each phase  and  expressed  as ~U/ml /min .  

Animal Experiments 

Male Sp ragne -Dawley  r a t s  weighing 350- -400  g 
were s tud i ed  in the  fed or s t a r v e d  (48 h) s ta te .  The  
fas ted  an imals  had  no food in the i r  s tomachs .  Insu l in  
release curves fol lowing a glucose s t imulus  were ob- 
t a i n e d  ut i l iz ing i so la ted  r a t  pancreas  perfusions as 
descr ibed  b y  Curry  and  Grodsky  I l l .  The per fusa te  
was no t  recycled.  Perfus ions  were carr ied  ou t  wi th  
70 and  300 mg/100 ml  glucose in  Krebs -Hense l e i t  
b i ca rbona t e  buffer (pH 7.4) wi th  2% h u m a n  a lbumin .  
The a lbumin  was ob ta ined  f rom Cut te r  Pha rma e e u t i -  

Results 

Fig.  1 compares  the  insul in  and  glucose response 
to  the  glucose infusion in no rma l  and  d iabet ic  subjects .  
I n  b o t h  groups  there  was a r ap id  increase in I g I ,  wi th  a 
subsequent  fal l  to  a b o u t  50~o of peak  level  wi th in  the  
first  10 rain of infusion (phase I), and  s lowly increas ing 
I I~I  levels over  the  nex t  50 min.  

Whi le  the  p a t t e r n s  of I g I  secret ion were b iphasic  
in  b o t h  groups,  there  was a m a r k e d  difference in  the  
a m o u n t  of insul in  secreted (Table 2). The no rma l  group 
secre ted  more  insul in  t h a n  the  d iabe t ic  group in bo th  
phases  and  also secre ted  more  of the i r  t o t a l  insul in in 
phase  I (14.3~o vs. 9.3~o, p < 0.025). 

Dur ing  the  infusion,  BG rose in al l  groups  (Fig. 1 
and  Table  2). Dur ing  phase  I insul in  secret ion,  the  
mean  BG was no t  s igni f icant ly  h igher  in the  d iabe t ic  
vs. the  normal ,  while dur ing  phase  I I ,  the  mean  BG in 
the  d iabe t ic  g r o u p  was s ignif icant ly  h igher  (p < 0.05). 

Fig.  2 shows the  response of the  48 h fas ted  no rma l  
subjec ts  to  the  glucose infusion.  The b iphas ic  p a t t e r n  
of I g I  release was ma in ta ined .  However ,  there  was 
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A.  N O R M A L  SUBJECTS ( N = 8 )  
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less I g I  released during phase I and I I  compared t o  
overnight fasted normals. However, the amount  of 
insulin secreted in phase I compared to total  I R I  was 
no different in the 48 h fasted compared to the over- 
night fasted normal subjects (16:~0.4 vs. 14=~1.3%, 
respectively). There was no significant difference in 
BG levels at tained during phase I and Phase I I  between 
these groups. 

Comparing the starved normals with the diabetics, 
i t  can be seen tha t  the total insulin as well as the phase I I  
insulin secretion were not significantly different from 
those of the diabetic group. However, phase I insulin 
release remained significantly greater in the 48 h 
fasted normal group (16~0A% vs. 9 .3•  
p < 0.01). The mean BG levels at tained during phase I 
and I I  in the 48 h fasted group were significantly 
lower than  those at tained in the diabetic group. 

Table 3 and Fig. 3 show the effects of s tarvat ion 
on insulin release in isolated pancreas perfusions. The 
tota l  insulin was decreased (p < 0.01), as were phases I 
and I I  compared ~dth fed control values. In  the 
pancreas of fed animals, phase I insulin release re- 
presented 13.1% of the total  I I~I  released. In  the 
fasted preparations, phase I represented 8.98% of the 
to ta l  (p < 0.05). 

Discussion 

The present studies describe plasma insulin pat terns 
following glucose infusions. Although considerable 
individual variation was encountered in total  insulin 
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Fig. 1, A and B. The insulin and glucose response patterns 
to glucose infusion in normal subjects (A) and diabetics (B) 
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Fig. 2. The insulin and glucose response pattern of 7 nor- 
mal subjects after a 48 h period of fasting 
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secretion, it should be emphasized t h a t  the :patterns 
of insulin secretion in the normal  overnight  fasted 
subjects were constant .  The decrease in the early 
phase of insulin release in h u m a n  diabetics, when 
compared with non-diabetic  subjects, [3] [14--17] has 
been confirmed. The to ta l  insulin secreted by  the  
diabetics was reduced by  61~o, while t h a t  por t ion  of 
insulin secreted in phase I was reduced to  a greater 
extent  t han  tha t  in phase I I ,  76% and 58.6~ reductions 

respectively. The findings in normal  subjects fasted 
for 48 h indicated tha t  they  retained a biphasic insulin 
secretory pa t te rn  similar to  t ha t  of the overnight  fasted 
controls. Al though to ta l  insulin secreted by  the fasted 
subjects was s tr ikingly decreased (48.5%), compared 
with the  controls, bo th  phases (I and I I )  were decreased 
equivalent ly  (43.2% and 49.1%). 

To deal with the likelihood tha t  this period of 
fasting in man  was not  sufficiently prolonged to alter 

Table 2 

Insulin release (~Units) Blood glucose rag/100 ml 
No. of Phase I Phase I I  Phase I Mean Mean 
Patients Subjects (10 min) (50 rain) Total T o t a ~  • 100 Phase I Phase I I  Kg 

8 Normal 1115~334 a 6669=j= 1555 7784j- 1854 14.3• 254• 298~47 2.284-0.24 
9 Diabetic 278• 106 2760• 576 3038• 659 9.34- 1.6 283• 34 394• 32 0.74~= 0.08 
7 48h  fasted 632=~104 3374~654 4006~=757 16.0• 225~-19 313-~17 0.89• 

normal 

a Mean • SEM 
Statistical comparisons of the above data. Only significant p values are shown : 
Statistical significance of comparison between normals and diabetics. I R I  release during phase I (p < 0.025), phase I I  

(p < 0.01), % t o t a l I R I  due to phase I (p < 0.025) , total lRI (p < 0.025),BGmeanphase I I  (p < 0.05) and Kg (p < 0.01) 
Statistical significance of comparison between 48 h fasted and normals. I R I  phase I (p < 0.05), phase I I  (p < 0.05), 

total I lgI  (p < 0.1; > 0.05), Kg (p < 0.01). 
Statistical significance of comparison between 48 h fasted and diabetics. I R I  phase I (p < 0.05), % total I R I  due 

to phase I (p < 0.01), BG phase I (p < 0.05), BG phase I I  (p < 0.05). 

Table 3. Rat pancreas perfusions 

Insulin release (~ Units) 
No. of Condition of Phase I b Phase II Total Phase I 
experiments animal (6 min) (30 min) (36 rain) Total x 100 

7 Fed 2543:~260 a 16922:~2107 194644-2304 13.06% 
6 48 h 

Fssted 581 • 129 3891 :L 849 6472 q- 973 8.98% 

a Mean -4- SEM (p values in text) 
b Phase I I  was arbitrarily determined. 

Phase I was determined by the typical first peak response which was over 
at 6 min. 
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Fig. 3. The insulin response to glucose of isolated pan- 
creas obtained from 7 fed rats compared with 6 rats after 

48 h of starvation 

the  biphasic insulin pat tern ,  experimental  animals 
were studied. S tarva t ion  of rats  for 48 h resulted in 
changes in insulin secretory patterns.  Isolated rat  
pancreas was perfused with 300 rag/100 ml glucose 
and produced a biphasic insulin curve in the control  
rats, as previously reported [1]. Wi th  s tarvat ion,  
there was a reduct ion in to ta l  insulin secretion (66.7 ~ 
while the  phase I insulin secretion was reduced more 
than  p h a s e  I I  insulin secretion (77.2% and 65.2~ 
respectively). I n  the open-system pancreas perfusions 
used, glucose concentra t ion of the  perfusing fluid 
remained constant .  Hence, the phase I I  insulin response 
was p robab ly  less t h a n  would have occurred in the 
intact  animal, where a rising blood glucose would 
p robab ly  have occurred in phase I I .  Such a glucose 
pa t t e rn  was noted in fast ing humans.  Glucose infusion 
studies in the in tac t  rat  would have been of interest,  bu t  
were no t  technical ly feasible. 

The above fmdings demonst ra te  t ha t  48 h of fast ing 
in normal  h u m a n  subjects is characterized by  a quanti-  
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tative reduction in insulin response to glucose. Al- 
though quantitative comparisons would be more 
convincing if the same normal subjects were tested in 
the fed and fasted state, the data clearly show signi- 
ficant decreases in total insulin in a randomly obtain- 
ed, fasted group. Despite these changes, the biphasic 
pattern of response was not significantly altered. 

On the other hand, the animal studies indicate that  
starvation of a prolonged nature does produce a pattern 
not dissimilar from that  in human diabetes. The factors 
responsible for the altered insulin secretion seen 
following a glucose stimulus in starved rats are not 
known, though decreased content of cyclic AMP [18] 
and decreased adenylate cyclase [19] activity have 
been reported in isolated pancreatic islets of starved 
animals. Other factors may well be involved in starva- 
tion, such as alterations in glucose-inducible enzymes 
participating in the metabolism and recognition of 
glucose as an insulinotropic agent, tIowever, at the 
present time, there are no definitive data to support 
these speculations as they relate to patterns of insulin 
response in starvation. Finally, our observations add 
an additional parameter to the "diabetic" syndrome 
of experimental starvation and suggest that  there 
may be metabolic similarities in the insulin secretory 
defects in diabetes and starvation. 
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