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Summary. A comparison of  the metabolic and gastro- 
entero-pancreatic hormonal  responses of  ten obese 
and eight lean subjects to 12 h and 36 h fasts has been 
made. Each subject was given a 50 g oral glucose tol- 
erance test at the end of  both 12 h and 36 h starvation. 
After the 12 h fast blood glucose and 3-hydroxybuty- 
rate were similar in each group but  b lood glycerol was 
30% higher in the obese subjects. Plasma insulin and 
vaso-active intestinal polypeptide were also higher in 
the obese subjects after 12 h starvation. After 36 h 
starvation in the lean subjects blood glucose was un- 
changed but  on refeeding with 50 g oral glucose, glu- 
cose tolerance was impaired. In the same group blood 
glycerol and 3-hydroxybutyrate rose after 36 h starva- 
tion. Plasma glucagon, secretin and vaso-active intes- 
tinal polypeptide rose after 36 h starvation in the lean 
subjects but plasma insulin was unchanged. Refeed- 
ing with oral glucose suppressed the increased plasma 
glucagon, secretin and vaso-active intestinal polypep- 
tide. After the 36 h fast in the obese subjects, b lood 
glucose was unchanged, blood glycerol fell, but b lood 
3-hydroxybutyrate rose although to a reduced level in 
comparison with the lean subjects. In the obese group 
there was no change in plasma glucagon, secretin or 
vaso-active intestinal polypeptide after 36 h starva- 
tion, although plasma insulin fell. The results show 
different metabolic and gastro-entero-pancreatic hor- 
monal  responses to fasting in lean and obese human 
subjects and suggest an important  metabolic role of  
glucagon, secretin and vaso-active intestinal polypep- 
tide during starvation. 
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Obesity and its consequences are a major  cause of dis- 
ability in the Western World, and in many obese pa- 
tients dietary therapy may be ineffective. Of  major  in- 
terest and possible therapeutic relevance are the met- 
abolic and hormonal  abnormalities previously de- 
scribed during fasting in obesity, which suggest im- 
paired lipolysis [1-7, 28]. 

Within the gastro-entero-pancreatic hormones 
there is a group with structural homology (glucagon, 
secretin and vaso-active intestinal polypeptide - VIP) 
all of  which exhibit lipolytic actions in vitro [8-11, 22, 
23]. To examine whether these hormones have meta- 
bolic roles in vivo and to determine whether there is 
an abnormal response of  this group to fasting in obes- 
ity, the plasma glucagon, secretin, VIP and insulin re- 
sponses together with the blood glucose, glycerol and 
3-hydroxybutyrate responses to 36 h starvation have 
been measured in lean and obese subjects. 

Subjects and Methods 

Ten obese subjects (two males and eight females, aged 21-51 years) 
all with a body mass index of 29 or greater [30] and eight lean con- 
trols (three males and five females, aged 17-41 years) were fasted 
overnight (12 h). A 50 g oral glucose tolerance test was then admin- 
istered and peripheral venous blood samples were taken at 30 rain 
intervals for 2 h by an indwelling catheter. After eating a 300 g car- 
bohydrate diet for at least 3 days the same groups were fasted for 
36 h and a 50 g oral glucose tolerance test was repeated with pe- 
ripheral venous blood sampling as before. 

Venous blood was withdrawn into ice-cold heparinized tubes 
and the plasma was separated by centrifugation at 1,000 g for 
20 min at 4 ~ C before division for hormone estimation. The samples 
for insulin assay were stored at - 20~ 

The antibody used (GP 25) for the radioimmunoassay of plas- 
ma insulin, was raised in guinea-pigs against porcine insulin. This 
cross-reacts with porcine pro-insulin to approximately 50% on a 
weight basis, and shows identical cross-reactivity with porcine and 
human insulin. Human insulin was used for standards (Division of 
Biological Standards, National Institute for Medical Research, 
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Fig. 1. A comparison of plasma insulin values (mean _+ SEM) be- 
tween obese (above) and lean (below) on refeeding with oral glu- 
cose after 12 h �9 and 36 h [] fasts 

c 

c 
0 
cB 
0 
0 2 
u~ 

O 
E 
t~ 
cI 

t00- 

60- 

30- [ [ I I I 
0 30 60 90 120 

min 

CB 
c" 
..- 

O 

CJ 
O 

O 
E 
O 
E 

110- 

6 0 -  

3 0 - 1  f i i i i 
0 30 60 90 120 

rain 

Fig. 2. A comparison of plasma glucagon values (mean _+ SEM) 
between obese (above) and lean (below) on refeeding with oral glu- 
coseafter 12h �9 and36h [] fasts 

London), 1 ~25 (Radiochemical Centre, Amersham, Bucks UK) was 
used for labelling and microfine silica was used for insulin purifica- 
tion [35]. Human charcoaled plasma was added to the standards to 
equilibrate the conditions between plasma samples and standards 
and dextran coated charcoal was used to separate free from bound 
hormone [17]. A sensitivity of 0.5 mU/1 was achieved. 

Plasma for glucagon, secretin and VIP assay was extracted with 
ethanol [14] and re-constituted before assay in 0.4 mol/l phosphate 
buffer, pH 7.4. 

Antibodies for glucagon estimation were raised in New Zea- 
land white rabbits to pork glucagon (Novo recrystallised) or beef- 
pork glucagon (Eli-Lilly recrystallised). 

Glucagon 1 t2s was prepared according to the method of Jorgen- 
son and Larsen [36] and separation was achieved using serum and 
dextran coated charcoal [171. The assay utilised two antibodies 
raised to pancreatic glucagon, the first named YY89 at a final dilu- 
tion of 1:45,000 and the second YY57 at a final dilution of I : 22,500. 
YY89 reacts with the C-terminal region of glucagon and has been 
considered to be pancreatic glucagon specific although some spe- 
cies of gut glucagon react with YY89 [34] and some species of pan- 
creatic glucagon do not react with YY89 (J. M. Conlon un- 
published observations). 

YY57 reacts with the N-terminal region of glucagon [34] and 
has been considered to be non-specific measuring total glucagon- 
like-immunoreactivity. Thus the material measured by YY89 is re- 

ferred to a glucagon or C-terminal glucagon-like-immunoreactivity 
and that by YY57 is referred to as total glucagon or N-terminal glu- 
cagon-like-immunoreactivity. This system detects concentrations 
between 10 and 20 ng/l of glucagon. No cross reaction has been 
noted with other gut or islet hormones including insulin (Human 
MRC Standard, WHO Laboratory for Biological Standards, Lon- 
don), gastric inhibitory polypeptide and motilin (gifts from Profes- 
sor J. Brown, Vancouver University, Canada), cholecystokinin- 
pancreozymin and VIP (both gifts from Professor V. Mutt, Karo- 
linska Institute, Stockholm) and human synthetic gastrin. 

The majority of glucagon measured by C-terminal antibody af- 
ter an overnight fast has a molecular weight approximating to pan- 
creatic glucagon, and is referred to as glucagon [5] in this study. All 
molecular species of glucagon apart from the void volume species 
are recovered by extraction, thus molecular species less than 12,000 
Daltons are recovered and although this data has been worked out 
only with regard to glucagon it would appear likely that the same 
criteria apply to secretin and VIP. Glucagon, secretin or VIP added 
to plasma give a recovery approximating to 100% after extraction. 

Porcine natural secretin (Gastro-Intestinal Hormone Research 
Institute, Karolinska, Stockholm) and natural porcine VIP (donat- 
ed by Professor V. Mutt, Karolinska Institute, Stockholm) were 
used for standards with pork synthetic secretin (donated by 
E. Wunsch, Max Planck Institute, Munich) and natural porcine 
VIP used for labelling. 
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Fig. 3. A comparison of plasma secretin values (mean _+ SEM) be- 
tween obese (above) and lean (below) and refeeding with oral glu- 
cose after 12 h �9 and 36 h [] fasts 

O_ 

O 
E 
m 
o 

E 

O) 
C 

O_ 

O 
E u) 
O 

442 W.J. Andrews et al. : Gut Hormone Response to Fasting in Obesity 

0- F I I I I 

0 30 60 90 120 
min 

0 -  

140 

F I I I I 
0 30 60 90 120 

min 

Fig. 4. A comparison of plasma vaso-active intestinal polypeptide 
(VIP) values (mean + SEM) between obese (above) and lean (be- 
low) on refeeding with oral glucose after 12 h �9 and 36 h [] fasts 

Secretin was labelled with 1125 (Radiochemical Centre, Amer- 
sham, Bucks, UK) by the method of Holohan et al. [15] and anti- 
bodies were raised to porcine natural secretin [16]. This antibody 
(BBI01) was used in a final titre of 1:36,000 and reacts with the C- 
terminal region of secretin. No cross-reaction was noted with glu- 
cagon, total glucagon, human insulin (Division of Biological 
Standards, National Institute for Medical Research, London) gas- 
tric inhibitory polypeptide and motilin (both donated by Professor 
J. Brown, Vancouver University, Canada), cholecystokinin-pan- 
creozymin (both donated by Professor V. Mutt, Karolinska Insti- 
tute, Stockholm) or human synthetic gastrin. Extracts of human je- 
junum cross-reacted in the assay in an identical manner to the 
standards and using an ion exchange purified 1 ~25 secretin [16] a 
sensitivitiy of 6 ng/1 was achieved, with 95% certainty over a range 
0-300 ng/1. 

VIP was iodinated by the Chloramine-T method [18] and the la- 
belled hormone was purified by adsorption to silica with elution in- 
to acidified ethanol before storage at -20 ~ in acidified ethanol. 
Natural porcine VIP was conjugated to ov-albumin for immunisa- 
tion into New Zealand white rabbits, and the antibody raised 
(BK154) was used in a final dilution of 1:40,000. The assay detects 
5 ng/1 with 95% certainty over the range 0-300 ng/1. There is no 
cross-reactivity in the assay with glucagon, secretin or gastric in- 
hibitory polypeptide and the antibody is predominantly C-terminal 
reactive. Separation of free from bound hormone in the radioim- 
munoassay was accomplished using serum and dextran coated 
charcoal [17] and standards were prepared in an alcohol extract of 
charcoaled horse serum to mimic the unknown sample. Further 
aspects of the assay have been reported elsewhere [19]. 

Blood for metabolites was mixed with 5 ml ice cold 0.8 mol/1 
perchloric acid for estimation of blood glucose, glycerol and 3-hy- 
droxybutyrate by enzymic fluorimetric continuous flow assay [20]. 

Statistical Analysis 

Results are expressed as mean _+ SEM with comparison of results 
assessed by analysis of variance ('areas under the curve' were meas- 
ured assuming a straight line between points). The two tailed Stu- 
dent 't' test was applied to the results and the level of significance 
was setatp < 0.05. 

Results 

Blood Glucose and Intermediary Metabolites 

Blood glucose after 12 h fast was s imi lar  in each 
g roup  ( lean subjects 4.2 + 0.1 m m o l / 1  versus obese 
subjects  4.4 _+ 0.2 mmol /1 )  a nd  after 36 h fast no  
change  in  b l ood  glucose occurred  in  ei ther  group.  In  
the lean subjects glucose to lerance  worsened  after 
36 h fast (p < 0.001) bu t  there was no  change  in  the 
obese subjects. 

Blood glycerol in  the lean  subjects  (0.18 + 
0.035 re tool / l )  was 30% lower  t han  in the obese sub-  
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jects (0.26 + 0.04 mmol/l) after the 12 h fast. Sup- 
pression with oral glucose was only achieved in the 
obese subjects (p < 0.001). After the 36 h fast blood 
glycerol rose in the lean subjects to 0.23 +_ 
0.043 mmol/1 (p < 0.001) and suppressed on refeed- 
ing with oral glucose (p < 0.001) at 30 min. In the 
obese subjects, blood glycerol fell after the 36 h fast to 
0.16 + 0.02 mmol/1 (p < 0.001) and suppressed on 
refeeding with oral glucose (p < 0.05) at 30 rain. 

Blood 3-hydroxybutyrate was similar in lean and 
obese subjects after the 12 h fast (0.19 + 0.12 versus 
0.11 + 0.07 mmol/1). Suppression was not achieved 
with oral glucose. After the 36 h fast 3-hydroxybuty- 
rate rose to 1.68 + 0.47 mmol/1 in the lean subjects 
(p < 0.001) and in the obese subjects to 0.65 + 
0.16 mmol/1 (p < 0.001). Concentrations after the 
36 h fast were higher in the lean group (p < 0.025), but 
suppression on refeeding with oral glucose was 
achieved in both the lean subjects (p < 0.05) and the 
obese subjects (p < 0.05) at 60 min. 

Hormones 

Insulin. After the 12 h fast plasma insulin was higher 
in the obese subjects (15.0 + 2.8 versus 7.2 + 
3.1 mU/1; p < 0.05). Starvation (36 h) suppressed 
plasma insulin to 8.6 _+ 1.2 mU/1 (p < 0.05) in the 
obese. On refeeding with oral glucose the insulin re- 
sponse (calculated by comparison of areas under the 
insulin response curves) increased only in the lean 
subjects (p < 0.05; Fig. 1). 
Glucagon. Glucagon concentrations after the 12 h fast 
were similar in lean and obese subjects (64.4 + 9.8 
versus 71.5 + 7.2 ng/1). No change was observed in 
either group on feeding with oral glucose. After the 
36 h fast glucagon rose in the lean subjects to 91.9 + 
15.6 ng/1 (p < 0.025). No change was observed in the 
obese. On refeeding with oral glucose suppression 
was achieved at 30 rain in the lean subjects (p < 
0.005) and at 90 rain in the obese subjects (p < 0.01 ; 
Fig. 2). 
Secretin. After the 12 h fast plasma secretin was simi- 
lar in lean and obese subjects (30.6 + 4.8 versus 32.5 
_+ 5.2 ng/1) but oral glucose feeding suppressed plas- 
ma secretin at 60 rain, only in the obese subjects (p < 
0.05). The 36 h fast raised plasma secretin in the lean 
subjects to 70.6 + 12.6 ng/l (p < 0.001) but no change 
was observed in the obese subjects. Refeeding with 
oral glucose suppressed plasma secretin in the lean 
subjects after 30 rain (p < 0.001) and in the obese sub- 
jects after 60 min (p < 0.001) (Fig. 3). 
VIP. After the 12 h fast plasma VIP was higher in the 
obese subjects than in the lean subjects (91.0 + 12.6 
versus 33.1 + 7.1 ng/1;p < 0.005). Oral glucose sup- 
pressed plasma VIP at 60 min only in the obese sub- 

jects (p < 0.001). Plasma VIP rose after 36 h fast only 
in the lean group (117.5 + 28.3 versus 96.5 _+ 
14.5 ng/1; p < 0.001) but oral glucose refeeding sup- 
pressed plasma VIP in the lean subjects at 30 min 
(p < 0.005) and in the obese subjects at 60 min 
(p < 0.01; Fig. 4). 

Discussion 

The enhancement or depression of lipolysis may be 
described as the ratio of 'insulin and other anti-lipo- 
lytic hormones to glucagon and other lipolytic hor- 
mones' [39]. During fasting, which is a condition of 
fuel need, when the sympathetic nervous system out- 
put falls [40], insulin must fall or glucagon and other 
lipolytic hormones must rise if lipolysis is to occur. A 
rise in glucagon has been demonstrated during fasting 
in normal weight subjects [24], but it has been suggest- 
ed that the lipolytic effect ofglucagon may only be ex- 
erted when the trophic effect of insulin on adipose tis- 
sue can be circumvented [21]. 

Our results have demonstrated a rise in glucagon 
without a concomitant fall in insulin during 36 h star- 
vation in lean subjects. In contrast a fall in insulin to 
levels comparable with the lean subjects, was ob- 
served in the obese group after 36 h starvation but no 
change was observed in plasma glucagon. Thus 36 h 
fasting induces a different hormonal response in lean 
and obese subjects which may result in the observed 
differences in metabolite responses between the two 
groups. In the lean subjects the rise in glucagon dur- 
ing the 36 h fast may be sufficient to overcome the in- 
sulin effect and stimulate lipolysis whereas the fall in 
plasma insulin without a concomitant rise in gluca- 
gon in the obese group appears not to have stimulated 
a comparable lipolytic response. However, a state of 
impaired fat mobilisation in obesity has been previ- 
ously suggested [1-3, 26, 27] but this is a controversial 
concept [28], and the metabolic results of fasting in the 
obese subjects may result from changes in gluconeo- 
genesis [38]. Rises in plasma secretin during fasting in 
lean volunteers have previously been noted [12] and 
Stout et al. [13] found correlations between non-esteri- 
fied free fatty acid concentrations and plasma secre- 
tin during fasting in lean subjects. Greenberg and 
Bloom [33] could not confirm these findings and sug- 
gested that interference in the secretin assay by pro- 
ducts of lipolysis [41] might explain these early results. 
However Henry et al. [12] enlarged their original 
study and highly significant rises in plasma secretin 
were recorded in 50 lean subjects during 36 h fasts 
[37]. 

The results of our study do not suggest assay inter- 
ference by lipolytic products. However it appears that 
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plasma secretin behaves similarly to plasma glucagon 
during fasting. These findings might only reflect the 
different gastro-intestinal responses to fasting in lean 
and obese subjects or might even be permissive, but 
from our results it can be speculated that secretin has 
metabolic importance in vivo during starvation. 

Increases in plasma VIP have also been previous- 
ly recorded during fasting in normal healthy men [25] 
and the lipolytic effects of this hormone have been 
demonstrated in vitro [10, 31, 32]. Our results suggest 
that plasma VIP behaves similarly to plasma gluca- 
gon and secretin during 36 h fasting. Our inability to 
observe a rise in VIP in the obese subjects indicates 
that this hormone may also have metabolic influence 
during starvation. However the increased plasma VIP 
observed after a 12 h fast in the obese group is of inter- 
est. This may reflect the gastro-entero-pancreatic hor- 
monal heterogeneity of obese human subjects (An- 
drews WJ, Henry RW and Buchanan KD, unpub- 
lished observations); although suppression was 
achieved with a 50 g oral glucose tolerance test. 

The ability of 50 g oral glucose to suppress plasma 
glucagon, secretin and VIP in both groups after 36 h 
starvation lends further support to the concept that 
these peptides have physiological metabolic impor- 
tance during fasting. 

The plasma insulin and blood glucose responses 
to refeeding after 36 h starvation suggest that the re- 
placement of stored energy substrate and the inhibi- 
tion of further substrate breakdown is of prime im- 
portance in lean subjects whilst the responses in the 
obese subjects may be the result of increased gluco- 
neogenesis in this group during starvation. 

Although this study did not allow for differentia- 
tion between secretion and clearance of the measured 
hormones, the results emphasize the different meta- 
bolic responses of obese and lean human subjects 
during starvation and suggest that these responses 
may in part anyway, be related to gastro-entero-pan- 
creatic hormones. 

Acknowledgements. During this work Dr. W.J. Andrews was in 
receipt of a Royal Victoria Hospital Belfast Research Fellowship 
and support by group grants from the British Diabetic Association 
was given to Professor K. D. Buchanan and Professor K. G. M. M. 
Alberti. 

References 

1. Opie LH, Walfish PG (1963) Plasma free fatty acid concentra- 
tions in obesity. N Engl J Med 268:757-760 

2. Beck P, Koumans JHT, Winterling CA, Stein MF, Daughaday 
WH, Kipnis DM (1964) Studies in insulin and growth hormone 
secretion in human obesity. J Lab Clin Med 64:654467 

3. Pinter E J, Patee CJ (1968) Some data on the metabolic function 
of the adrenergic nervous system in the obese and during star- 
vation. J Clin Endocrino128:t06-110 

4. Marshall NB, Engel FL (1960) The influence of epinephrine 
and fasting in adipose tissue content and release of free fatty 
acids in obese hyperglycaemic and lean mice. J Lipid Res 1 : 
339-342 

5. Conton JM (1980) The glucagon-like polypeptides - order out 
of chaos? Diabetologia 18:85-88 

6. Lavine RL, Voyles N, Perrin PV, Recant L (1975) The effect of 
fasting on tissue cyclic AMP and plasma glucagon in the obese 
hyperglycaemic mouse. Endocrino197: 615-620 

7. Dubuc PU, Mobley PW, Mahler RJ, Ensinck JW (1977) Im- 
munoreactive glucagon levels in obese-hyperglycaemic (Ob/ 
Ob) mice. Diabetes 26: 841-846 

8. Hagan JH (1961) Effect of glucagon on the metabolism of adi- 
pose tissue. J Biol Chem 236:1023-1027 

9. Butcher RW, Carlson LA (1970) Effects of secretin in fat mobi- 
lising lipolysis and cyclic AMP levels in rat adipose tissue. Acta 
Physiol Scand 79:559-563 

10. Fransden ER, Moody AJ (1973) Lipolytic action of a newly iso- 
lated vasoactive intestinal peptide. Horm Metab Res 5:196-199 

11. Said SI (1975) Vasoactive intestinal polypeptide (VIP): current 
status. In: Grossman MI (ed) Gastro-intestinal hormones. Uni- 
versity of Texas Press, Austin London, pp 591-597 

12. Henry RW, Flanagan RWJ, Buchanan KD (1975) Secretin: A 
new role for an old hormone. Lancet 2:202-203 

13. Stout RW, Henry RW, Buchanan KD (1976) Triglyceride me- 
tabolism in acute starvation: The role of secretin and glucagon. 
Eur J Clin Invest 6:179-185 

14. Heding LG (1971) Radioimmunological determination of pan- 
creatic and gut glucagon in plasma. Diabetologia 7: 10-19 

15. Holohan KN, Murphy RF, Flanagan RWJ, Buchanan KD, El- 
more DT (1973) Enzymic iodination of the histidyl residue of 
secretin: A radioimmunoassay of the hormone. Biochim Bio- 
phys Acta 322:178-180 

16. Buchanan KD, Teal JD, Harper G (1972) Antibodies to conju- 
gated synthetic and natural secretins. Horm Metab Res 4:507 

17. Buchanan KD, McCarroll AM (1971) Comparison of methods 
of separation of free from bound hormone in the radioimmu- 
noassay of insulin. In: Kirham KE, Hunter WM (eds) Radioim- 
munoassay methods. Livingstone, Edinburgh, pp 136-142 

18. Hunter WM, Greenwood FA (1962) Preparation of iodine - 131 
labelled human growth hormone of high specific activity. Na- 
ture 194:495496 

19. Ardill J (1979) Radioimmunoassay of gastro-intestinal horn 
mones. In: Buchanan KD (ed) Clinics in endocrinology and 
metabolism. WB Saunders, London, pp 265-280 

20. Lloyd B, Burrin J, Smythe P, Alberti KGMM (1978) Enzymic 
fluorimetric continuous-flow assays for blood glucose, lactate, 
pyruvate, alanine, glycerol and 3-hydroxybutyrate. Clin Chem 
25:1724-1729 

21. Samols E, Tyler JM, Marks V, Mialke P (1969) The physiologi- 
cal role of glucagon in different species. In: Gual C (ed) Prog- 
ress in endocrinology. Excerpta Medica Foundation, Amster- 
dam, pp 206-216 

22. Rodbell M, Birnbaumer L, Pohl SL (1970) Adenyl cyclase in fat 
cells. II1. Stimulation by secretin and the effects of trypsin on 
the receptors for lipolytic hormones. J Biol Chem 245 : 718-722 

23. Lazarus NR, Voyles NR, Devrin S, Tanese T, Recant L (1968) 
Extra-gastrointestinal effects of secretin, gastrin and pancreo- 
zymin. Lancet 2: 248-250 

24. Marliss EB, Aoki TT, Unger RH, Soeldner JS, Cahill GF Jnr 
(1970) Glucagon levels and metabolic effects in fasting man. J 
Clin Invest 49:2256-2270 

25. Galbo H, Hilstead J, Fahrenkrug J, Schaffalitzky de Muckadell 
OB (1979) Fasting and prolonged exercise increase vasoactive 
intestinal polypeptide (VIP) in plasma. Acta Physiol Scand 105: 
374-377 

26. Goldrick RB, McLoughlin GM (1969) Lipolysis and lipogene- 



W. J. Andrews et al.: Gut Hormone Response to Fasting in Obesity 445 

sis from glucose in human fat cells of different sizes. Effects of 
insulin epinephrine and theophilline. J Clin Invest 49: 
1213-1223 

27. Ostman J, Backman L, Hallberg D (1973) Cell size and lipoylsis 
by human subcutaneous adipose tissue. Acta Med Scand t93: 
469475 

28. Balasse E (1968) Influence of norepinephrine, growth hormone 
and fasting on free fatty acid mobilisation and glucose me- 
tabolism in lean and obese subjects. Diabetologia 4:20-25 

29. Cook GA, Lakshmanan MR, Veech RL (1977) The effect ofglu- 
cagon on hepatic malonyl co-enzyme A concentration and on 
lipid synthesis. Fed Proc (Abstract) 36: 672 

30. Bray GA (1978) Syndromes of obesity: pathogenesis and treat- 
ment. Medicine 2: 543-549 

31. Kather H, Simon B (1979) Adenylate cyclase of human fat cell 
ghosts: Effects of the vasoactive intestinal peptide (VIP) on the 
enzyme of pre-adolescent and adult fat cells. Febs Letts 1 : 
145-147 

32. Suzuki S, Araki K, Tachibana S (1979) Isolation of porcine va- 
soactive intestinal polypeptide and comparison of its biological 
activites with secretin and glucagon. J Pharm Soc Japan 2: 
172-179 

33. Greenberg GR, Bloom SR (1976) Plasma secretin during fast- 
ing. Lancet 1 : 273 

34. Flanagan RWJ, Buchanan KD, Murphy RF (1974) Specifity of 
antibodies in the radio-immunoassay of glucagon. Diabetolo- 
gia (Abstract) 10:365 

35. Rosselin G, Assan R, Yalow RS, Berson SA (1966) Separation 
of antibody bound and imbound peptide hormones labelled 

with iodine TM by talcum powder and precipitated silica. Nature 
212:355-357 

36. Jorgenson KH, Larsen UD (1972) Purification of 1 ~25 glucagon 
by anion exchange chromatography. Horm Metab Res 4: 
222 223 

37. Mason JC, Murphy RF, Henry RW, Buchanan KD (1979) Star- 
vation induced changes in secretin-like-immunoreactivity of 
human plasma. Biochim Biophys Acta 582:322-331 

38. Felig P, Wahren J, Hendler R, Brendin T (1974) Splanchnic glu- 
cose and amino-acid metabolism in obesity. J Clin Invest 53: 
582-590 

39. Lefebvre PJ (1975) Glucagon and adipose tissue. Biochem 
Pharmaco124:1261-1266 

40. Landsberg L, Young JB (1978) Fasting feeding and regulation 
of the sympathetic nervous system. N Engl J Med 298: 
1295-1300 

41. Boden G (1978) The secretin assay. In: Bloom SR(ed) Gut hor- 
mones. Churchill-Livingstone, Edinburgh London New York, 
pp 169 175 

Received: 2 February 1981 
and in revised form: 28 July 1981 

Dr. W. J. Andrews 
Human Diabetes Study Center 
c/o NIH-NIADDK 
4212 North 16th Street 
Phoenix, AZ 85016, USA 


