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The combination of Peptide YY5_;¢ with GLP-1,_;¢
amide Causes an increase in first-phase insulin
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Context: The combination of peptide YY (PYY) and glucagon-like peptide-1 (GLP-1) has been
proposed as a potential treatment for diabetes and obesity. However, the combined effects of
these hormones, PYY;_5¢ and GLP-1,_35 .mige:ON glucose homeostasis are unknown.

Objective: To investigate the acute effects of PYY; 35 and GLP-15_35 amiger individually and in
combination, on insulin secretion and sensitivity.

Design and setting: Using a frequently-sampled IV glucose tolerance test (FSIVGTT) and minimal
modeling, this study measured the effects of PYY;_34 alone, GLP-1,_3¢ smiqe @lONe,and a combina-
tion of PYY5_3¢and GLP-1,_34 2mige ©N @cute insulin response to glucose (AIRg) and insulin sensitivity
(S)) in 14 overweight human volunteers, studied in a clinical research facility.
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Results: PYY;_ ;¢ alone caused a small but non-significantincrease in AIRg. GLP-1,_3¢ smige @lone and
the combination of PYY; 35 and GLP-1,_5¢ ,mige did increase AIRg significantly. No significant
differences in S, were observed with any intervention.

JCEM

Conclusions: PYY;_;¢ does not have any significant acute effects on first-phase insulin secretion
orinsulin sensitivity when tested using an FSIVGTT. Both GLP-1,_5¢ ,miqe @lone and the combination
of PYY;_ 55 and GLP-1,_3¢ amiqe iNcrease first-phase insulin secretion. There does not appear to be
any additive or synergistic effect between PYY;_s34 and GLP-1,_36 amige ON first-phase insulin se-
cretion. Neither hormone alone nor the combination had any significant effects on insulin
sensitivity.

EARLY RELEASE

ENDOCRINE
SOCIETY

he obesity pandemic has become a priority global
health concern. By 2015, the World Health Organi-
sation predicts 4 billion adults will be overweight and over
700 million will be obese. This has predictably resulted in
a rise in prevalence of the comorbidities of obesity, in-
cluding type 2 diabetes, cardiovascular disease, hyperten-
sion, cancer, obstructive sleep apnoea, all resulting in a
reduced life expectancy (1, 2). Bariatric surgery, for ex-
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ample the Roux-en-Y gastric bypass, is currently the most
effective treatment, leading to a sustained 25%-30%
weight loss (3-5). Itis well documented that gastric bypass
surgery also induces a rapid and prolonged improvement
in glucose levels, with over 40% of operated subjects
achieving a complete remission of their diabetes (6). At
present, the mechanisms for the favorable changes in body
weight and glycaemia are unclear, although alterations in
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2 Effects of Combination PYY and GLP-1 on Insulin Secretion

peptide gut hormone secretion—in particular elevated
postprandial levels of PYY and GLP-1—are thought to
play animportantrole (7, 8). Asaresult, analogues of PYY
and GLP-1 are being developed as treatments for obesity
and diabetes, although the doses that can be given are
limited by side effects, principally nausea (9, 10). Low-
dose combinations of PYY and GLP-1 represent an at-
tractive route to achieving better weight lowering efficacy
without nausea: we have previously shown that PYY;_ 5,
coinfused with GLP-1-_34 ,mide> reduces appetite and food
intake in an additive fashion without adverse effects (11,
12).

GLP-1 is well established as an incretin hormone with
insulinotropic effects (13). In contrast, the PP-fold pep-
tides neuropeptide Y (NPY) and PYY have differing effects
on insulin secretion. NPY, acting at the Y1 receptor, in-
hibits insulin release from islets (14, 15), and sympathetic
nerve terminals on pancreatic islets release both NPY and
norepinephrine to produce inhibition of insulin secretion
(16). Consistent with this, Y1 receptor knockout mice ex-
hibit a basal hyperinsulinaemia (17). PYY,_;¢, the full-
length version of PYY thatis able to activate Y1 receptors,
similarly has insulinostatic effects in rodents and dogs
(18-21), although it appears to increase insulin secretion
after an ad libitum meal when infused into humans at 1.6
pmol/kg/min (22). Unlike NPY and PYY,_;, there is rel-
atively little known about the effects of PYY;_ 5, on glu-
cose metabolism. PYY;_;. is considerably less active at the
Y1 receptor but fully active at the Y2 receptor. Since the
Y2 receptor has been shown to act as a presynaptic auto-
inhibitor of sympathetic transmission (23), Y2 activation
might not affect or could even cause disinhibition of in-
sulin release. In animal studies, administration of PYY;_;,
was associated with increased glucose disposal under hy-
perinsulinaemic conditions, ie, an increase in insulin sen-
sitivity (24). In humans, Sloth et al reported that an acute
IV infusion of PYY;_ ;4 (at a dose of 0.2 pmol/kg/min,
achieving mean levels of 76 = 23 pmol/L) was able to
increase the postprandial insulin response to an ad libitum
meal, as judged by AUC for insulin concentration (22).

If low-dose combinations of PYY;_ 5, and GLP-1,_5,
amide are to be used as future treatments for obesity and/or
diabetes, it isimportant to establish their effects on glucose
homeostasis. We therefore decided to investigate the ef-
fects of PYY;5_34 and GLP-1-_54 amide> individually and in
combination, on insulin secretion and sensitivity in fasted,
overweight humans.

Materials and Methods

Peptides
PYY;_ ;. and GLP-1-_5¢ ..:q. Were purchased from Bachem
Ltd. (St Helens, Merseyside, UK). Following initial high fidelity
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synthesis, the peptide hormones underwent purification by high
resolution high performance liquid chromatography. Peptide
compositions and purity were verified by quantitative amino
acid analysis.

Sterile 0.9% (w/v) saline was purchased from Bayer (Hay-
wards Heath, UK). Using an aseptic technique in a laminar flow
cabinet, PYY;_;, and GLP-1-_5 .40 Were separately dissolved
in 0.9% saline, aliquoted into vials and freeze dried. Represen-
tative PYY;_;cand GLP-1-_; . 4. vials were sterile after culture
for seven days (Department of Microbiology, Hammersmith
Hospital, London), and endotoxin levels as measured by the
Limulus Amoebocyte Lysate test (Associates of Cape Cod, Liv-
erpool, UK) were within the safe range for human infusion. Fur-
ther representative vials of both PYY;_54 and GLP-1,_5¢ ..1ide
were randomly selected and sent for amino acid analysis by Alta
Bioscience (Birmingham, UK) to calculate the actual peptide con-
tent of the vials. The bioactivity of the peptides was verified by
measuring the suppression of food intake over 24 hours when
injected subcutaneously into C57/BL6 mice (12), and by receptor
binding affinity assays using membranes prepared from
HEK293 cells overexpressing recombinant human (rh) Y2 or
GLP-1 receptor (25).

Subjects

14 overweight and obese volunteers, 11 men and 3 women, of
mean age 34.5 = 2.7 years (range 21-50 years), and mean BMI
30.1 = 0.9 kg/m? (range 26.8-35.9 kg/m?), were recruited by
advertisement. All volunteers underwent a standardized 75 g
oral glucose tolerance test (OGTT) to exclude both diabetes and
impaired glucose tolerance, in order to reduce variability in in-
sulin secretion and sensitivity. Inclusion criteria were: age 18
years and over, male or female, body mass index (BMI) 25-40
kg/m?, nonsmokers with stable weight for at least three months.
Exclusion criteria were: diabetes mellitus or impaired glucose
tolerance according to WHO 2006 and 2011 criteria, history of
alcoholism or substance abuse, history of any major illness or use
of any medications, including over the counter products, which,
in the opinion of the investigator, would either interfere with the
study or potentially cause harm to the volunteer. Women who
were pregnant, breastfeeding or unable to maintain adequate
contraception for the duration of the study and for one month
afterwards were also excluded.

All volunteers were screened and determined to be in normal
health by medical history, physical examination, 12 lead elec-
trocardiogram (ECG) and routine biochemistry and hematol-
ogy. Women of child bearing age were advised to avoid preg-
nancy during the study and for one month after completion. The
study was approved by the Hammersmith & Queen Charlotte’s
Research Ethics Committee (reference no. 09/H0707/77). All
volunteers gave written informed consent, and the study was
planned and performed in accordance with the Declaration of
Helsinki.

Study Protocol

Each volunteer attended for 5 study visits. The first visit was
to acclimatise the volunteer to the clinical environment and to
experimental procedures. This acclimatisation visit was run in
identical fashion to subsequent, randomized single-blinded vis-
its, except that the infusion always consisted only of vehicle. Data
from the acclimatisation visit was not included in the analysis.
The subsequent four visits followed a randomized, single-blind,
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placebo-controlled crossover design comparing four different
infusions: (1) Vehicle alone (Gelofusine® — B. Braun Medical
Ltd, Sheffield, UK); (2) PYY;_;4 alone (0.15 pmol/kg/min); (3)
GLP-1___  alone (0.2 pmol/kg/min); (4) PYY;_ 55 + GLP-1,_54
amide together (0.15 pmol/kg/min and 0.2 pmol/kg/min respec-
tively). The infused doses of the peptide hormones were selected
after a preliminary dose-finding phase to achieve plasma con-
centrations of PYY;_;. at 80-120 pmol/L, a level that has pre-
viously been shown to increase postprandial insulin AUC values
after an ad libitum meal (22). For GLP-1-_5¢ . 140 We aimed to
achieve 100-140 pmol/L, a level that has previously been shown
to increase insulin secretion rate in response to a graded glucose
infusion (26). Randomisation was carried out by an independent
clinician not otherwise involved in the study.

In order to limit adsorption of peptide to the infusion appa-
ratus Gelofusine® was used as the vehicle for all peptide infu-
sions, to dissolve the contents of the randomized vials of peptide
and to prime all syringes and infusion lines (27). Each peptide
was drawn up under sterile conditions in a separate 50 ml syringe
and, to allow the use of two different infusion rates, delivered by
a separate syringe driver (Graseby 3100, SIMS Graseby Ltd,
Watford, UK, or Asena GH Mk III, Alaris Medical Systems Ltd,
Basingstoke, UK). Thus on a visit when the volunteer received
only one peptide, the second syringe delivered vehicle only, set at
the delivery rate calculated for the other hormone. Study visits
for each volunteer were at least three days apart to allow for
washout of peptides and peptide effects. During the 24-hour
period prior to each study visit, volunteers refrained from stren-
uous exercise and alcohol consumption. They fasted from
10 p.m. the night before the study, drinking only water. On the
morning of each study visit, volunteers attended a dedicated
Clinical Investigation Unit at the Hammersmith Hospital. Fe-
male volunteers had a urine 8-hCG test to exclude pregnancy
before the peptide infusion was started. Two cannulae were in-
serted into the volunteer’s peripheral veins. One cannula was
used for sampling, and the other one was used to administer
peptide infusion and IV glucose bolus (via a multiport connec-
tor). The infusion containing the peptide hormone(s) was started
at 0 minutes. For evaluation of the acute insulin response to
glucose (AIRg) and insulin sensitivity, a frequently-sampled in-
travenous (IV) glucose tolerance test (FSIVGTT) was performed
at +60 minutes with an IV glucose bolus of 0.3 g/kg given man-
ually over 2 minutes (28). Augmentation of IVGTT plasma in-
sulin concentrations by tolbutamide or insulin injection was not
undertaken since volunteers were normoglycaemic and insulin
release was, in any case, likely to be amplified by the GLP-1
infusions. The peptide infusion was stopped at +240 minutes.
Volunteers completed a series of visual analog scales (VAS) that
rated hunger, satiety, prospective food consumption and nausea
throughout the study. These consisted of 100 mm lines with text
expressing the most positive and the most negative rating for
each variable anchored at either end (29). Pulse and blood pres-
sure (BP) were regularly monitored.

Blood samples were taken for glucose into fluoride oxalate
tubes, and insulin into plain serum tubes (Becton, Dickinson,
Portsmouth, UK) at-30, 0, 20, 40, 60, 62, 63, 64,65, 66, 68,70,
72, 74, 78, 80, 82, 85, 90, 100, 110, 130, 160, 200, and 240
minutes. Larger samples were taken at 0, 20, 40, 60, 80, 100,
160, and 240 minutes for plasma gut hormone analysis in lithium
heparin coated tubes (International Scientific Supplies Ltd, Brad-
ford, UK) containing 2000 kallikrein inhibitor units (0.2 ml)
aprotinin (Trasylol, Bayer Schering Pharma, Berlin, Germany).
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The insulin samples were allowed to clot for ten minutes at room
temperature, after which they were centrifuged and separated
and stored at —20°C until analysis. All other samples underwent
immediate centrifugation for 10 minutes, 4000 rpm at 4°C, after
which plasma was promptly separated and stored at —20°C until
analysis.

Plasma Gut Hormone Assays

All samples were assayed in duplicate and within a single
assay to eliminate interassay variation. Serum insulin was as-
sayed using the Siemens Immulite 2000 immunoassay (Erlangen,
Germany), which is a solid-phase, two-site chemiluminescent
immunoassay with an analytical range of 2 to 300 mIU/L and an
intra-assay coefficient of variation of 3.3-5.5%. Plasma glucose
was assayed using an Abbott Architect automated analyzer
(Maidenhead, UK), utilizing a hexokinase-glucose-6-phosphate
dehydrogenase method. The analytical range was 0.278-44.4
mmol/L, with an intra-assay coefficient of variation of 0.65—
1.98% and an interassay coefficient of variation of 0.84-
0.93%. Plasma total PYY and amidated GLP-1 were measured
using established in-house radioimmunoassays (30, 31). The
PYY assay’s functional detection limit was 16.8 pmol/L (95%
confidence limit (CL) 14.4-19.3) with an intra-assay coefficient
of variation of 7.4%. The GLP-1 assay’s functional detection
limit was 13.4 pmol/L (95% CL 12.5-14.2) with an intra-assay
coefficient of variation of 3.1%.

Data Analysis

Data is expressed as mean * standard error of the mean
(S.E.M.) except where noted. Statistical analysis was carried out
using Prism 5.0 (GraphPad Software, San Diego, CA). The acute
plasma insulin concentration response to glucose (AIRg: 0-10
minutes), a sensitive index of beta cell function and first-phase
insulin response (32), was calculated as the area under the
FSIVGTT insulin concentration profile (area-underthe-curve:
AUC) from 0 to 10 minutes following glucose administration,
calculated using the trapezoid rule (33). Insulin sensitivity (S;), a
measure of the ability of insulin to enhance glucose disposal, was
determined from FSIVGTT glucose and insulin concentrations
using the minimal model of glucose disappearance (34) imple-
mented as previously described (35). The FSIVGTT-derived
measures, AIRg and S, provide the so-called disposition index
(DI), calculated as S; X AIRg (36). This widely-used dimension-
less measure of beta cell function, quantifies beta cell adaptation
to variation in insulin sensitivity, according to the hyperbolic
relationship between insulin resistance and insulin secretion.

Results

Table 1 summarizes the average plasma hormone concen-
trations achieved in each of the study arms. PYY exposures
were similar between the two arms that included PYY;_5¢
in the infusion (Figure 1A), as were GLP-1 exposures com-
paring the arms that included GLP-1_3¢ ,miqe in the infu-
sion (Figure 1B). There were no variations in pulse and BP
across infusions and analysis of VAS scores revealed no
nausea in response to the gut hormone infusions nor any
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Table 1.

Summary of (A) PYY and (B) GLP-1 plasma concentrations (in pmol/liter) and area under the curve values

(pmol-L"min) for each of the infusion arms: vehicle, PYY;_s6, GLP-1,_36amiqes @and combination.

baseline plasma

Infusion arm  concentration (pmol/liter)

end-infusion plasma
concentration (pmol/liter)

AUC plasma concentrations over infusion
period (pmol-L™"*min)

PYY levels

vehicle 477 = 8.7 26.7 £ 15.8
PYY 458 = 8.1 113.5 £ 13.
GLP-1 34153 21.3 139
combination 52.2 109 97.8 +37.2
GLP-1 levels

vehicle 43.7 = 6.2 440 = 8.5

PYY 438 = 7.7 33426

GLP-1 55.6 + 9.7 142.2 + 22
combination 52.6 £ 15.2 140.4 = 22

7

2766 * 423.7
6091 * 861.2
3395 £ 575.9
7297 = 1460

3614 = 344.2
3813 = 458.7
9084 = 1134
8639 = 1495

differences in subjective ratings of hunger or pleasantness
to eat between any of the interventions (data not shown).

Fasting glucose levels were very similar between all in-
fusion arms (Figure 2). With the administration of the IV
glucose bolus, glucose levels peaked at 15.5-16.2 mmol/L
(64 minutes) and fell back to baseline by 110 minutes. In
no case did any volunteer experience a biochemical or
symptomatic hypoglycemia as a result of the endogenous
insulin release in response to the large IV glucose bolus.

The insulin response to the IV glucose bolus is shown in
Figure 3. Infusion of GLP-1-_54 ,mide> €ither alone or in
combination with PYY;_5,, augmented the insulin secre-
tory response following the IV glucose bolus compared
with either vehicle or PYY alone. In line with this, the AIRg
during each infusion showed a significant difference in
means (P = .005 — Figure 4A). No significant difference
was detected on post hoc testing between vehicle and
PYY; 5, (mean difference in AIRg 60.71 mU-L"min,
95% C.I. for difference —210.2 to 331.7). A significant
difference was detected between vehicle and GLP-1,_5,
amide (P < .01: mean difference in AIRg 341.7 mU-L "*min,
95% C.I for difference 70.77 to 612.7). The PYY;_54 +
GLP-15_3¢4 amiqe cOMbination also significantly increased
AIRg compared to vehicle, similar to GLP-1-_5¢ 1 imide (P <
.05: mean difference 275.4 mU-L 'min, 95% C.I. for dif-
ference 4.48 to 546.4). Comparison of AIRg in GLP-1-_5,
amide alone vs PYY; 34 + GLP-1-_34 ,mige Showed no sig-
nificant difference (mean difference —66.29 mU-L '-min,
95% C.I. for difference —337.2 to 204.7).

No significant differences in the insulin sensitivity in-
dex (S;) were discerned between infusion arms (P = .79 —
Figure 4B). There was no significant difference in mean DI
between infusion arms (P = .07 — Figure 4C).

Discussion

In this study, we measured the changes in first-phase in-
sulin secretion and insulin sensitivity in response to an

acute infusion of PYY;_ 5, and GLP-1-_5¢ , 1i4e in healthy,
overweight, nondiabetic humans using an FSIVGTT. As
expected from its known action as an incretin hormone,
GLP-1__ infusion significantly increased first-phase
insulin secretion in response to the IV glucose, compared
with vehicle. Similarly, we noted a significant elevation in
AIRg with combination PYY;_5, + GLP-1-_54 . ige infu-
sion. PYY;_;, infusion alone resulted in a slight, nonsig-
nificant rise in AIRg compared with vehicle. There appears
to be no additive or synergistic effect between PYY5_54 and
GLP-15_3¢ amide ON insulin secretion as the combination
caused an elevation in AIRg of similar magnitude to GLP-
15_36 amide alone. Furthermore, neither hormone had any
significant acute effect on measures of insulin sensitivity in
this cohort, hence the changes in disposition indices mir-
rored the changes in AIRg across all infusion arms.

We have therefore shown that acute, low dose admin-
istration of PYY;_;, to overweight humans has no effect
on insulin sensitivity and no significant effect on beta cell
secretory function. In the study by Sloth et al, which did
report an insulinotropic effect of exogenously adminis-
tered PYY;_ 54 at 0.2 pmol/kg/min, the insulin response
was examined after an ad libitum lunch, but the PYY;_;,
group surprisingly ate slightly more than the placebo
group, perhaps because the PYY infusion day always fol-
lowed the placebo day, allowing acclimatization to the
study environment and a potential order effect. Thus the
increased insulin response with PYY;_; observed by Sloth
et al may be merely a response to an increased energy
intake at the meal, because of the higher calorific content
of the meal, and also because of an increase in endogenous
incretin secretion (22). In this study, volunteers were ac-
climatized to experimental conditions, infusions were
given in a random order, and we utilized a standardized
method to examine insulin secretion in response to a fixed
IV glucose stimulus. Moreover, the use of an IV glucose
stimulus avoids any confounding by endogenous incretin
secretion, unlike the meal stimulus employed by Sloth et al
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Figure 1. A, PYY and (B) GLP-1 exposure during the FSIVGTT. Integrated area under the concentration curve (AUC) for 0 to 100
minutes, from the start of the infusion to the end of the intensive minimal modeling period, is plotted on the Y-axis. The X-axis indicates infusion
given. Mean = S.E.M. plotted. Baseline plasma PYY levels (at 0 mins) were vehicle: 47.7 + 8.7 pmol/L; PYY;_35: 45.8 = 8.1 pmol/L;
GLP-15_36amide: 34.1 £ 5.3 pmol/L; PYY5_ 36 + GLP-15_36 amige: 52.2 = 10.9 pmol/L). End-infusion (+240min: steady state) levels were vehicle:
26.7 = 15.8 pmol/L; PYY;5 56 113.5 £ 13.7 pmol/L; GLP-15_36 amide: 21.3 = 13.9 pmol/L; PYY5_ 56 + GLP-1,_5¢ amige: 97.8 * 37.2 pmol/L. To
estimate the exposure of volunteers to PYY5_5¢ from 0 to 100 mins, the respective AUC for each infusion arm was calculated as follows: vehicle:
2766 = 423.7 pmol-L*min, PYY, 54 6091 * 861.2 pmolLmin, GLP-1, 36 smige: 3395 = 575.9 pmol-L*min, PYY, 36 + GLP-1,_s¢ amige 7297 *
1460 pmol-L™"min. Baseline plasma GLP-1 levels (at 0 mins) across different infusion arms were vehicle: 43.7 + 6.2 pmol/L; PYY5 3¢ 43.8 = 7.7
pmol/L; GLP-15_56 amide: 55.6 = 9.7 pmol/L; PYY5_ 56 + GLP-15_5¢ amide: 52.6 = 15.2 pmol/L). End-infusion (4+240min: steady state) levels were
vehicle: 44.0 = 8.5 pmol/L; PYY5_36: 33.4 = 2.6 pmol/L; GLP-1,_ 36 amige: 142.2 = 22.3 pmol/L; PYY3 36 + GLP-1,_ 56 smige: 140.4 = 22.0 pmol/L.
To estimate the exposure of volunteers to GLP-1,_5¢ 4mige from 0 to 100 mins, the respective AUC for each infusion arm was calculated as follows:

vehicle: 3614 *+ 344.2 pmol-L":min, PYY; 5¢: 3813 *+ 458.7 pmol-L™"min, GLP-1, 3¢ amide: 9084 = 1134 pmol-L™"min, PYY5_35 + GLP-15 3¢ amide
8639 + 1495 pmol-L"min.

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 30 October 2014. at 07:12 For personal use only. No other uses without permission. . All rights reserved.



6 Effects of Combination PYY and GLP-1 on Insulin Secretion

Nevertheless, a limitation of our study is that it does not
entirely exclude a modest insulinotropic effect of PYY5_5,
within the setting of the validated FSIVGTT protocol
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which incorporated a large glycaemic excursion as stan-
dard. A second limitation is that we only studied the first-
phase insulin response, as the FSIVGTT incorporates a
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Figure 2. Plasma glucose levels during the FSIVGTT. Y-axis shows plasma glucose levels (mmol/L). X-axis shows time (min). IV glucose
bolus (0.3 g/kg) given at 60 minutes. Mean = S.E.M. plotted. Open circles, dashed line: placebo infusion arm; Closed circles, solid line: PYY5_5¢
infusion (0.15 pmol/kg/min); Closed triangles, solid line: GLP-1,_5¢ smige iNfusion (0.2 pmol/kg/min); Open triangles, solid line: combined PYY5 3¢ +
infusion. Fasting glucose values for vehicle: 5.3 = 0.1 mmol/L; PYY; 35: 5.3 = 0.2 mmol/L; GLP-1,_56amige: 5-3 = 0.1 mmol/L;
combined PYY5_ 56 + GLP-1,_56.mige: 5-4 = 0.1 mmol/L.
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Figure 3. Plasma insulin levels during the FSIVGTT. Y-axis shows insulin levels (mU/L). X-axis shows time (min). IV glucose bolus (0.3 g/
kg) given at 60 minutes. Mean = S.E.M. plotted. Open circles, dashed line: placebo infusion arm; Closed circles, solid line: PYY;_s¢ infusion (0.15
pmol/kg/min); Closed triangles, solid line: GLP-1-_5¢ 2mige iNfusion (0.2 pmol/kg/min); Open triangles, solid line: combined PYY5_5¢ + GLP-1,_5¢

amide infusion.
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transient glucose stimulus and not the sustained hyper-
glycaemic stimulus necessary to observe the second-phase
insulin response (37). It therefore remains possible that the
second-phase insulin response is modulated by PYY;_5,
and this remains to be tested. Thirdly, it should be noted
that we studied low doses of PYY;_;, and GLP-1, selected
on the basis of prior evidence of being just sufficient to
affect insulin secretion. It is possible that higher doses of
the combination could have effects on insulin sensitivity.
This could be explored in future studies. A final limitation
of note with our study is that it only examined the effects
of PYY;_3c and GLP-1 in an acute setting. We speculate
that longer-term treatment with the combination of
PYY;_;c and GLP-1 may ultimately improve insulin sen-
sitivity over the hormones given individually through ad-
ditive reductions in food intake and therefore greater
weight loss.

Importantly, we have shown that the combination of
GLP-1 and PYY;_s, retains the glucose-lowering insuli-
notropic effect observed with GLP-1, which adds further
support to the concept of multiple gut hormone therapy
(HT) as a treatment for diabetes and obesity. Future stud-
ies will need to focus on measuring the effects of chronic
administration of these gut hormones on weight loss, in-
sulin sensitivity and secretion.
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