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Attenuated GLP-1 secretion in obesity: cause or
consequence?

L R Ranganath, J M Beety, L M Morgan, JW Wright, R Howland, V Marks

Abstract
Background-Hypersecretion of insulino-
tropic factors such as glucose dependent
insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (7-36)amide (GLP-
1) have been postulated to account for the
hyperinsulinaemia of obesity.
Aims-To examine the role of GLP-1 and
GIP in obese women and matched con-
trols.
Subjects-Six lean and six obese women
subjects matched for age.
Methods-The gut hormone, plasma
glucose, and serum triglyceride responses
were studied over 180 minutes after oral
carbohydrate and fat meals. Heparin
(10 000 units) was given intravenously at
120 minutes.
Results-There was pronounced attenua-
tion of plasma GLP-1 secretion to oral
carbohydrate in the obese compared with
lean subjects but no such difference in
response to oral fat load. There were no
differences in the plasma GIP responses
to carbohydrate or fat feeding. There was
an apparent fall in plasma GLP-1 values
in all subjects after administration of
heparin.
Conclusion-Postprandial GLP-1 secre-
tion in response to oral carbohydrate is
considerably attenuated in obese subjects.
The cause of this attenuation of GLP-1
secretion is not known although we sug-
gest that both this fall and the overall
reduction in GLP-1 values in obese sub-
jects may be related to an increase in
plasma non-esterified fatty acids.
(Gut 1996; 38: 916-919)

Keywords: GLP-1, obesity, carbohydrate meal, fat
meal.

strongly stimulates insulin secretion after car-
bohydrate, fat, and mixed meals. Molecular
biology techniques have shown that post-
translational processing of proglucagon in the
pancreas and ileum yields several novel
glucagon-like peptides.67 Among these, the
truncated fragment of GLP-1 (hitherto called
GLP-1 in this paper), has been shown to be
strongly insulinotropic and its secretion has
been shown to increase after oral glucose and
mixed meals.8 9 In addition to its insulinotropic
effect, GLP-1 inhibits pancreatic glucagon
secretion, decreases hepatic gluconeogenesis,
and decreases insulin resistance.10 11

It has been postulated that an exaggerated
'incretin' factor may have a pathophysiological
role in obesity. A role for GIP has been
examined in this regard but has not been con-
clusively shown.5 In this context, it has been
suggested that hypersecretion of GLP-1 may
be the long sought 'incretin' factor in obesity. 12
Indeed, Fukase and colleagues have examined
this hypothesis in a study where they showed
increased secretion of glucagon-like peptide- 1
in obese diabetic subjects but the responses in
non-diabetic obese and matched controls were
very similar.

However, the methodology adopted by
Fukase and workers for GLP-1 assay was
indirect and less specific than that used in this
study and included GLP-1(7-37), which is
normally present at very low concentrations in
plasma, and the two biologically inactive major
proglucagon derived fragments. GLP-1 (7-
36)amide, measured in this study, is the pre-
dominant circulating molecular species of
glucagon-like peptides in humans. We under-
took this study to clarify the conclusions of
Fukase and colleagues that hypersecretion of
GIP and GLP-1 is characteristic of the obese
state.
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Obesity is often associated with impaired
glucose tolerance, insulin resistance as well as
fasting and postprandial hyperinsulinaemia.1 2
Generally, insulin secretion after food intake is
the net effect of a direct stimulation by
absorbed nutrients, as well as indirect stimu-
lation by neural and humoral signals. Insulino-
tropic gastrointestinal factor, referred to as
'incretin', was first described in 1929 by Zunz
and LeBarre, and proof for this concept was
provided in 1964 by McIntyre et al when they
showed that insulin response is far greater after
oral glucose administration, than after the
intravenous route.3 4 Over the years, various
candidates for the 'incretin factor' have been
examined, including glucose dependent
insulinotropic polypeptide (GIP), which

Methods

Subjects
Six obese premenopausal women and six sex
and age matched lean controls were recruited.
The mean (SD) age of obese and lean subjects
was 30-2 (107) and 31.0 (9.5) years respec-
tively. The mean (SD) body mass index
(BMI), calculated as the ratio of body weight
in kilograms to that of height in metres square,
was 40-1 (8.0) (range 31.8-48.3) and 21-3
(083) (range 200-23.6) respectively in obese
and lean. Waist:hip ratio of lean and obese
groups showed a mean (SD) of072 (003) and
0-80 (008) respectively.

Ethical committee approval (at Royal Surrey
County Hospital, Guildford, Surrey) for the
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Figure 1: Insulin, glucose, and triglyceride values after oral carbohydrate orfat in lean
obese subjects. The mean (SEM) (n =6) of carbohydrate meal in lean (E) and obese
subjects as well as offat meal in lean (A) and obese (*) subjects are shown.

study had been obtained and each sub
gave written consent before participation.
subjects were in good health and not taking
medication. Three of the obese subjects v

smokers and none of the subjects consur
more than 10 units of alcohol per week. All ]

and obese subjects were requested not to fo]
a weight reducing diet for the duration of
study; no other restrictions were imposed.

Study design
Subjects were studied on two separate d
each separated by a period of a week. On c

study day they attended the Clir

Investigation Unit at the Royal Surrey County
Hospital at 0830 after an overnight fast.
Subjects were given in random order an
equicaloric (340 kcal) oral load of either carbo-
hydrate (Hycal 100 g, Smith-Kline Beecham
diluted 1:1 by volume with water) or fat
(Sainsbury's Double Cream, 37-8 g diluted 1:1
by volume with water). Blood samples (15 ml)
were obtained through an indwelling forearm
intravenous cannula before the carbohydrate/

< fat load (-30 and 0 minutes) and at intervals
for a further period of 180 minutes after the
load. An intravenous bolus of heparin 10 000
units was given two hours after the carbo-
hydrate/fat loads on each occasion to assess
lipoprotein lipase activity described else-
where.'3 Blood samples were collected into
fluoride/oxalate and lithium heparin bottles
for measurement of glucose and hormones
(insulin and GIP) respectively. Samples for
GLP-1 were collected into lithium heparin
bottles containing aprotinin (1000 KIU/ml of
blood). Blood samples were collected into
plain glass bottles for triglyceride analyses. All
plasma samples were separated immediately
and both plasma and serum samples were
stored frozen at -25°C until analysis.

Chemical analysis
Glucose and triglycerides were measured by
glucose oxidase (Olympus reagents, analysed
on Olympus AU 5000 analyser) and lipase
chemical reactions linked to coupled enzyme
assay systems (Olympus reagents, analysed on
Olympus AU 5000 analyser) respectively on
appropriate samples. Insulin'4 and GIP'5 were
analysed by radioimmunoassay using iodinated
label and polyethylene glycol accelerated
double antibody precipitation by methodology
described in detail elsewhere.
The GLP-1 radioimmunoassay in this study

> has been previously described'6 and uses an
s4 antiserum raised in a rabbit against GLP-1 (7-

36)amide. It crossreacts 100% with GLP-1 (1-
36)amide but shows negligible crossreactivity
with GLP-1(1-37), GLP-1(7-37), glucagon,
and major proglucagon fragment. '251-labelled

J80 GLP-1 was affinity purified on a solid phase,
consisting of rabbit anti-GLP-1 antibodies
coupled to silica beads, on the day of its addi-

and tion into assay tubes. Lyophilised synthetic
(0) GLP-1 standards prepared inhouse were used

in the assay. Phase separation was effected by
dextran coated charcoal. Interassay coefficient

ject of variation at GLP-1 concentrations of 15.4,
All 29A4, and 33.5 pM were 17.4, 14.1, and 13.4%
any respectively. Intra-assay coefficient of variation
vere at GLP-1 concentrations of 103, 19.3, and 24
med pM were 13, 10 1, and 9.30/o respectively.
lean
llow
the Statistical analysis

Response profiles were compared by one way
analysis of variance and specific differences
between groups were identified using Duncan's
multiple range test. Total and incremental

lays, areas under the curve were calculated using
Lach the trapezoidal rule. p Values of <0 05 were
iical considered significant.
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Results
Figure 1 shows the gluc(
insulin responses to the 1
plasma glucose concentra
hydrate were significantly
(p<001) as was the ax
((mean incremental area
(IAUC) 389 (198) mM/i
obese when compared
(IAUC 169 (89) mM/mir
serum triglycerides wei
subjects (p<0 01) but af
the incremental area ui
similar in the two group,
(9) and 45 (12) mM/mi
respectively). There wag
plasma triglyceride values
hydrate load. A decline
concentrations after th(
heparin was seen in both
mean fasting plasma in
and insulin responses tc
were higher in the obese ,

was 42 (3.9) and 112 (1
and obese respectively)
respectively) (Fig 1).

Figure 2 shows the plas
to the test meals. The i

concentration of GLP-1 1
of oral carbohydrate was
jects (p<0-05), but no si
fasting GLP-1 concent
before administration of
peak plasma GLP-1 resp
occurred at 15 minutes a
obese and lean respective
1 responses under the c
carbohydrate were consi
obese (p<001) (IAUC ('

Fat meal

ose, triglyceride, and
test meals. The peak
tions after oral carbo-
y higher in the obese
rea under the curve
under the curve (SD)
min) (0-180 min) in
with lean subjects

i) (p<001)). Fasting
re higher in obese
lter the oral fat load,
nder the curve was
s (IAUC (SD) of 65
in in lean and obese

0.3 (04) pM/min for lean and obese respec-
tively). There was a decline in plasma concen-
tration of GLP-1 at 150 minutes, 30 minutes
after administration of heparin, in both lean
and obese subjects when compared with those
at 120 minutes (p<0.01).

Plasma GIP concentrations were similar in
lean and obese after carbohydrate and fat
meals (IAUC (SD) for carbohydrate meals was
41 (5) and 39 (5.3) pM/min respectively in
lean and obese; IAUC (SD) for fat meals was
46 (7A4) and 44 (4.2) pM/min respectively in
lean and obese) (Fig 3).

s no change in the Discussion
s after the oral carbo- This study confirms the finding that, after
in serum triglyceride ingestion of both carbohydrate and fat, there is
e administration of a prompt rise in the plasma concentrations of
groups (Fig 1). The GLP-1.17 The greatest rise in GLP-1 concen-

isulin concentrations trations was seen after carbohydrate in lean
) carbohydrate meal subjects; in the obese, this rise was consider-
subjects (IAUC (SD) ably attenuated. There was, however, no such
17) pM/min for lean difference between lean and obese subjects
,p<0 05 and p<001 after a fat stimulus.

After carbohydrate, the obese subjects also
;ma GLP-1 responses showed less efficient glucose disposal and
mean fasting plasma higher plasma insulin concentrations. The GIP
before administration response to carbohydrate feeding was similar
lower in obese sub- in the two groups, while the GLP-1 response
uch difference in the was lower in the obese. This study does not,
rations were noted therefore, lend support to the suggestion that
oral fat. The mean oversecretion of either GIP and GLP-1 may
onse to carbohydrate participate in the hyperinsulinaemia of obesity.
nd 90 minutes in the Rather, as GLP-1, in addition to its insulino-
ly. Incremental GLP- tropic action, has been shown to increase
urve (0-180 min) to peripheral insulin sensitivity," it is possible
iderably lower in the that the lower GLP- 1 response to carbohydrate
SD) was 4.8 (1.5) and seen in the obese subjects may have a role

in the pathogenesis of the peripheral insulin
resistance characteristic of obesity.

Fasting hyperinsulinaemia and exaggerated
,parin postprandial responses to oral carbohydrate

was seen in obese subjects. We did not find any
difference in GIP response between lean and
obese groups and this excludes a role for an
increased 'incretin' effect of GIP as the cause
of hyperinsulinaemia of obesity. As discussed

_ ; _ _ previously, this study was undertaken to clarify
the findings of Fukase and workers who found
increased GLP- 1 in obese mildly diabetic
subjects but GLP-1 responses that were similar
in non-diabetic obese and lean matched con-
trols.'2 Indeed, it could be argued that as
neither GIP nor GLP-1 were increased in the
obese subjects in this study, the hyperinsulin-
aemia of obesity may be the consequence of
insulin resistance and that insulin resistance
may be more important as the cause of obesity.

Plasma GLP- 1 concentrations seemed to
decrease after administration of heparin in
both obese and lean subjects. Although we do
not have data on GLP- 1 secretion after oral
carbohydrate without heparin in this study,
previous work in our department has shown

120 150 180 that the decline is GLP-1 noted in this study
does not occur in lean subjects when oral car-

in lean and obese subjects bohydrate is given without heparin.16 We con-

bese (0) subjects are sidered possible reasons for reduced GLP- 1
secretion in the obese and the apparent decline
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Figure 2: Plasma GLP-1 responses to oral carbohydrate andfat
The mean (SEM) (n= 6) ofplasma GLP-1 in lean (M) and o
shown.
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Figure 3: Plasma GIP responses to oral carbohydrate andfat in lean and obese subjects.
The mean (SEM) (n= 6) ofplasma GIP in lean ( ) and obese ( 0) subjects are shown.

in GLP-1 after heparin in all subjects after
both meals. We considered the possibility that
decline after heparin may result from a direct
effect of heparin on GLP-1 secretion or to
increasing plasma concentrations of non-
essential fatty acid released by heparin
administration (with parallel decrease in serum
triglycerides). As the fall of GLP-1 after
heparin was unanticipated, GLP-1 concentra-
tions after glucose load without heparin
administration were not measured and the
postulated effect of non-esterified fatty acids
on GLP-1 remains speculative. We suggest
that, although not measured in this study,
raised plasma non-esterified fatty acid concen-
trations, which are known to be associated with
obesity18 19 may be the cause for the blunted

GLP- 1 response to carbohydrate and for the
further decline in plasma GLP-1 that follows
heparin administration.
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