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SUMMARY The effect of an infusion of two doses of peptide YY (PYY), a novel putative
gastrointestinal hormone, has been assessed on mouth to caecum intestinal transit time and on the
rate of gastric emptying after ingestion of an inert 200 ml liquid meal thought unlikely to interrupt
fasting gastrointestinal motility patterns. A low dose of PYY was chosen to give plasma
concentrations within the range seen postprandially in healthy subjects, while the high dose
mimicked the raised levels seen in several malabsorptive conditions. During infusion of PYY at
0 18 pmol/kg/min plasma concentrations rose from a basal of 8±2 pmol/l to 38±5 pmol/l and at 0.51
pmol/kg/min to 87±10 pmol/l. Mouth to caecum transit time was delayed from 67±4 mins on the
saline infusion day to 94±7 mins (p<0-01) on the low dose and 192±9 mins (p<0-001) on the high
dose infusion day. Time to 50% gastric emptying was prolonged from 37±8 mins during saline
infusion to 63±10 mins (p<005) during low and 130±12 mins (p<0.001) during high dose
infusion. Thus the infusion of PYY shows a dose related inhibition of mouth to caecum intestinal
transit time and of the rate of gastric emptying and suggests this novel hormonal peptide to be of
importance in gastrointestinal physiology.

Peptide YY (PYY) is a 36 amino acid gastrointestinal
hormonal peptide first isolated from porcine small
bowel in 1980."2 It shares considerable sequence
homology with pancreatic polypeptide and neuropeptide Y (NPY).'3 Immunocytochemical studies
have shown PYY to be localised to the endocrine
cells in the monkey (Macaca rhesus) and human
gastrointestinal tract, and these are found to be most
numerous in the ileal, colonic, and rectal mucosa.45
Peptide YY has been reported to be co-localised with
enteroglucagon in the L cells.`7
Peptide YY is released into the circulation by food,
rising from basal levels of 8 pmol/l to a mean plateau
of 28 pmol/l after an 870 calorie meal and 53 pmol/l
after a 4500 calorie meal.' The pharmacological
activities of PYY include the inhibition of jejunal and

colonic motility,9 of pancreatic secretion in the cat2
and of the interdigestive contractions of the canine
stomach."' In man, low dose infusion of PYY inhibits
pentagastrin stimulated gastric acid secretion but not
pancreatic secretion." Peptide YY also delays the
rate of gastric emptying of a glucose drink.'2 The
study reported here was undertaken to determine in
normal volunteers the effect of PYY infusion in
physiological levels on total mouth to caecum intestinal transit time and rate of gastric emptying. An
assessment of effect on small intestinal transit was
made by subtracting the time to 50% gastric emptying from total mouth to caecum transit time.
Methods
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the total mouth to caecum intestinal transit time was
measured in seven healthy male volunteers after an
inert liquid isotonic 'meal' of 200 ml water, 30 g
lactulose (Duphalac, Duphar, Southampton) and
100 RCi (3.7 MBq) Tc 99m tin colloid (Amersham
International plc code N112). Each volunteer underwent three separate studies, receiving in random
order infusions of saline (control), 0.4 pmol/kg/min
synthetic PYY (Bachem, USA) (low dose), or 1-1
pmol/kg/min PYY (high dose). The peptide was
reconstituted in 50 ml physiological saline for infusion (Boots plc, Nottingham, UK) containing 1%
human serum albumin (HSA) (Blood Products Lab,
Elstree, UK). In the case of the control infusion 1%
HSA was added to the saline infusate. The minimum
time interval between tests was seven days. The
subjects were unaware at the time of the nature of
each infusion.
On each occasion, the subject attended after an
overnight fast and was seated in front of a gamma
camera (IGE Maxi camera 400) connected to a
computer for data analysis (Nodecrest Medical
Systems Micas 1000). An indwelling intravenous
cannula was placed in an antecubital vein of each
arm. Three basal blood samples were taken at 15
minute intervals before the start of the infusion and at
15 minute intervals throughout the course of the
study. The volunteers drank the meal 30 minutes
after the start of the infusion of either peptide or
saline. Collection of scintigraphic data started
immediately by integration of counts over the area of
the stomach in two minute intervals and storage of
digital data on magnetic tape. The selection of the
stomach area was based on the distribution of activity
during the first eight minutes after ingestion of the
isotope by two observers who were unaware of the
nature of the infusion. The rate of loss of radioactivity from the stomach area after correction for
decay of the isotope gave the rate of gastric emptying.
Mouth to caecum transit time was measured by the
breath hydrogen technique.'314 Samples of exhaled
air were taken at five minute intervals via a modified
Ilaldane-Priestly tube starting at the time of the
infusion and immediately analysed for hydrogen
using a breath hydrogen monitor (GMI, Renfrew,
Scotland). Mouth to caecum intestinal transit time
was calculated as the time to half rise from basal to
plateau levels of excreted breath H2. An estimate of
small intestinal transit was made by subtracting the
time to 50% gastric emptying from mouth to caecum
intestinal transit time.
HORMONE ASSAYS

Whole blood was placed in a lithium heparin tube
containing 400 KIU aprotinin per millilitre and
centrifuged immediately for 10 minutes at 1000 g.
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Plasma was separated within 15 minutes of sampling
and frozen immediately on dry ice before storage at
-20°C pending assay. Samples of the infusate were
taken from the catheter tip after infusion, frozen, and
stored as above. Peptide YY was assayed in duplicate
by specific radioimmunoassay described in detail
elsewhere.8 The assay was able to detect changes in
PYY of 2 pmol/l with 950/o confidence and showed
less than 0-01% crossreaction with the related peptides, neuropeptide Y and pancreatic polypeptide.
STATISTICAL ANALYSIS
Results are expressed as the mean ± standard error of
the mean. Student's paired t test was used for
comparison of PYY infusion levels, mouth to caecum
transit time and gastric emptying data. Least squares
linear regression analysis was used to correlate PYY
levels with mouth to caecum transit.

Results

Volunteers were unable to distinguish between the
saline and peptide infusions which were well tolerated. Peptide YY concentrations measured at the
catheter tip were 0 18±0 1 pmol/kg/min at the end of
the low dose infusion, and 0(51+±009 pmol/kg/min at
the end of the high dose infusion. There was an
apparent loss of 55% of the peptide between the
calculated dose and the measured dose. No PYY
immunoreactivity was detected in the saline infusion.
Plasma PYY concentrations during the saline infusion showed a non-significant rise from 8 0±2 0
pmol/l at -30 mins to 12 6±3 pmol/l at 135 mins.
During the last hour of the PYY infusion, PYY
concentrations rose to 38 0±5 5 pmol/l during low
dose infusion and 87 5±9 7 pmol/l during the high
dose infusion (Fig. 1).
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Fig. 1 Plasma PYYconcentrations during the course of the
study (mean ±SEM). The meal was given at30 minutes.
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Mouth to caecum intestinal transit was delayed by
PYY infusion from 67±4 mins during the saline
infusion to 94±7 mins during low dose infusion
(p<0.01) and 192±9 mins during high dose infusion
(p<0-001, Fig. 2). The rate of gastric emptying was
also considerably slowed by both low and high dose
PYY infusion (Fig. 3). Only 14±3% of initial radioactivity remained in the stomach area after 90
minutes during saline infusion while 43±7%
(p<0-05) and 76±8% (p<0-001) of initial radioactivity remained during low and high dose infusion
respectively. Time to 50% gastric emptying was
similarly delayed from 37±8 mins during the saline
infusion to 63±10 mins (p<0-05) and 130±12 mins
(p<0-001) during low and high dose infusion respectively (Fig. 4). There was a positive correlation
between individual peak PYY concentrations and
mouth to caecum transit time (r=0.80, p<0001)
(Fig. 5) and time to 50% gastric emptying (r=0.55,
p<0.05) (Fig. 6). Similarly, there was a positive
correlation between time to 50% gastric emptying
and mouth to caecum intestinal transit (r=0-81,
p<0-001). Small intestinal transit, as assessed by
subtracting time to 50% gastric emptying from mouth
to caecum transit, was 30±7 mins during the saline
infusion and was prolonged to 42±9 mins (NS) and
62±13 mins (p<0.05) during low and high dose PYY
infusion respectively.
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Discussion
The plasma PYY response to nutrient stimuli given
orally is maximal with a fat meal.8 Previous studies
have shown that ileal infusion of intralipid results in a
delay in gastric emptying, small bowel transit and
mouth to caecum transit unrelated to the release of
enteroglucagon or neurotensin. '16 While PYY levels
were not measured in these studies, it is probable that
PYY was released. This study shows that infusion of
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Fig. 3 Gastric emptying curves duringsaline, low and high
dose PYYinfusion.
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Fig. 2 Mouth to caecum intestinal transit duringsaline, low
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Fig. 4 Time to 50% gastric emptyingduring PYYinfusion.
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Fig. 5 Correlation between mouth caecum intestinal
transit and PYYconcentrations. (r=0.80, p<0.001).
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PYY into normal volunteers can cause delay of
mouth to caecum intestinal transit. The meal chosen
for the study was designed to be 'inert' in that it was
isotonic and there was no nutrient content. This was
to minimise the effect of endogenous release of PYY
and other gastrointestinal hormones that would
result from ingestion of a nutrient meal. It was
considered likely that volunteers were studied in the
fasting state, although there was no direct evidence
for this, as this small volume meal is unlikely to
interrupt fasting gastrointestinal motility patterns. In
the studies on infusion of fat into the terminal ileum,
there was a change in the pattern of gastrointestinal
pressure activity from the fasting to the fed state.'6
The regulation of gastrointestinal motility and intestinal transit are thought to be different in the fasted
and fed state and it is not therefore possible to draw a
direct comparison between these studies and the one
reported in this paper.
m

a
a

100-

Saline
LowAHeigh *

A

z
-

A

0~

A
A

O-

.

20
150
160
50
Time to 50l. G E (min)
Fig. 6 Correlation between time to 50% gastric emptying
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0

169

The low dose tested was within the physiological
range in that the peak level of 38 pmol/l was
comparable with the mean concentration of 28 pmol/l
seen after an 870 calorie lunch and that seen after a
large evening meal of 53 pmol/l, all as measured by
the same radioimmunoassay.8 The higher dose
resulted in peak levels of 86 pmol/l which was above
the physiological range but certainly within the range
seen in patients, for example with tropical sprue.'7
Both infusion levels showed a significant slowing of
mouth to caecum intestinal transit and this was dose
responsive.
Intravenous infusion of PYY resulting in an incremental rise of 52 pmol/l as measured with a less
specific radioimmunoassay has previously been
shown to inhibit the rate of gastric emptying of a
glucose drink in man. 12 A possible explanation for the
differences in rate of gastric emptying reported here
and previously is that, in this study, volunteers were
thought to be in the fasted state. Previous reports in
animals have shown an inhibitory effect of PYY on
canine gastric motility`0 but only on the interdigestive
migrating contractions, and not on postprandial
contractile activity. A small but significant fall in
motilin has been reported during PYY infusion.'8 As
infusion of physiological doses of motilin enhances
gastric emptying,'9 the motor effects of PYY may in
part be caused by suppression of motilin release.
The profound effect of PYY infusion on gastric
emptying suggests that it may be a major factor in
mouth to caecum intestinal transit time. Previous
studies using a solid meal have not shown a positive
correlation between mouth to caecum intestinal
transit and the time to 50% gastric emptying suggesting that rate of small intestinal transit may not
depend on rate of gastric emptying.0 We have shown
a positive correlation between time to 50% gastric
emptying and mouth caecum intestinal transit, however, possibly related to the study of volunteers
thought to be in the fasting rather than the fed state.
Subtraction of time to 50% gastric emptying from
mouth to caecum intestinal transit time may give an
estimate of small intestinal transit and suggests the
possibility that PYY may also delay small intestinal
transit.
Further support for a role for PYY in gastrointestinal motility comes from the finding of rapid
intestinal transit in patients after proctocolectomy for
ulcerative colitis Where there was a correlation
between length of ileum resected and increased rate
of intestinal transit.2' In addition, output from ileostomies is significantly greater if the terminal ileum is
resected.2223 As PYY is distributed distally in the
gastrointestinal tract with only very low levels found
proximal to the ileum, proctocolectomy with resection of the terminal ileum would be expected to
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reduce release of PYY and we speculate that the
putative faster transit may also be a factor contributing to ileostomy diarrhoea. After small bowel resection in the rat, PYY levels are raised24 and this is a
possible mechanism for the adaptive slowing of
gastrointestinal transit previously reported after
intestinal resection.25
In conclusion, this study shows that infusion of
PYY in physiological and pathophysiological doses
delays both mouth to caecum intestinal transit time
and the rate of gastric emptying of an inert liquid
meal.
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