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Perturbation of upper gastrointestinal transit and
antroduodenal motility by experimentally applied
stress: the role of beta-adrenoreceptor mediated
pathways
J D O'BRIEN, D G THOMPSON, S J DAY, W R BURNHAM,
AND E WALKER

From the Departments of Gastroenterology and Biometry, The London Hospital Medical College and
Oldchurch Hospital, London

SUMMARY A series of three experiments were performed on healthy adult volunteers to investigate
the possible role played by beta-adrenoreceptor mediated pathways in the disturbance of human
upper intestinal motor function by hand immersion in cold water. In the first experiment, (an
extended pilot study on one individual), orocaecal trarsit of a standard meal was measured on 36
occasions with and without cold water stimulation and with and without a series of cl and P blocking
drugs. Cold water stimulation consistently delayed transit in this individual, an effect which was

attenuated by prior 3-blockade. In a double blind trial of the effect of p-blocker atenolol v placebo on
transit in nine individuals, a consistent reduction in the cold water induced transit delay was

observed (p<001) independent of any direct effect of beta-blockade. In the third experiment seven

individuals underwent repeated studies of antroduodenal pressure activity comparing the effects of
cold and warm water stimulation with and without beta blockade to determine whether the observed
transit effect could be related to an action on gastrointestinal motility. Cold water stimulation
reduced antroduodenal motility, but no consistent effects of previous beta blockade were noted.
These studies indicate the presence of a beta-adrenoreceptor mediated pathway in the cold water
induced delay of orocaecal transit but not in the inhibition of gastroduodenal motility. Further
studies are indicated to determine the site and mode of action of this transit effect more precisely.

The human gastrointestinal tract is a complex self-
regulating system controlling the delivery, digestion
and elimination of nutrients through its lumen in a
manner which remains virtually independent of any
conscious process.
The higher centres, however, do modulate these

autonomic functions to facilitate and inhibit the
process of digestion. Facilitatory processes have been
recognised since Pavlov' and the cephalic phase of
digestion is now reasonably well understood. In
contrast, the inhibitory effects of higher cortical
centres on gut function remain poorly determined,
Address for correspondence: Dr D G Thompson, Department of Medicine.
Hope Hospital, Eccles Old Road, Salford M6 XHD.

Accepted for publication 14 March 1989.

despite the long held clinical suspicion that the
psyche can interfere with the digestive function to
cause symptoms and even organic disease.2'

Experimental disturbance of human upper gastro-
intestinal function has now been shown using a
number of autonomic stimuli.' One commonly used
stimulus has been discomfort induced by hand
immersion in cold water,6' a technique previously
used by cardiovascular physiologists as the 'cold
pressor test` "' to probe the autonomic control of the
heart and circulation. This stimulus is known to alter
autonomic function through the central nervous
system, inducing sympathetic stimulation and a rise
in circulating concentrations of catecholamines."
When applied during studies of gastrointestinal
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function, it has been shown to delay gastric empty-
ing,- reduce gastric secretion and inhibit gastric antral
motor activity." Transit of a non-absorbed carbo-
hydrate from mouth to caecum, is also delayed."

Orocaecal transit, measured by breath hydrogen
sampling, has several practical advantages for human
experimentation." It is simple, cheap, non-invasive
and free from irradiation which allows its repeated
use in individuals without hazard. We therefore used
a previously standardised version of this technique"
together with manometric studies to probe the poss-
ible role of sympathetic pathways in the cold water
induced disturbances of upper gut function, and have
found evidence for beta-adrenoreceptors in the
mediation of this effect, independent of action on
antral or duodenal motility.

Methods

S U BJ E.CT S
Fifteen healthy adult volunteers (aged 18-54 years)
without any history of gastrointestinal symptoms,
took part in the series of studies described below,
after first giving written informed consent. Prior
approval for all experiments was obtained from the
Ethics Committee of the London Hospital.
The studies were conducted as three experiments.

The first two investigated the effects of cold water
stimulation on orocaecal transit, the other used an
intubation technique to examine the effects of cold
water stimulation on antroduodenal motor activity.

OR OCA ECA I R AN SIT
Orocaccal transit was measured by serial exhaled
breath hydrogen sampling,'. using a commercially
available hydrogen sensitive clectrochemical cell
(GMI Ltd, Renfrew, Scotland). Subjects ingested a
standard liquid mixed nutrient meal (chicken soup
HJ Heinz Ltd, 400 ml 255 kcal) to which 30 ml
lactulose solution (Duphalac, Duphar plc) was added
as a transit marker. In previous studies" this meal
provided a reliable index of upper gastrointestinal
transit with a mean time to onset of a sustained breath
hydrogen rise of 64 0 (3.8) minutes (mean (SEM))
and a mean coefficient of variation for an individual
of 9.l1%, without the development of abdominal
symptoms.

Before and during each study subjects avoided
smoking, exercise and ingestion of confectionery,
activities known to adversely affect the accuracy of
hydrogen measurement.'4 All subjects fasted for at
least 15 hours overnight to reduce basal hydrogen
levels and studies were abandoned if preliminary
breath hydrogen values exceed 20 parts per million
(ppm). As in previous studies' serial samples of
exhaled breath were provided by subjects at five

minute intervals throughout each experiment and at
two minute intervals once hydrogen values appeared
to become raised.

ANIRODUODI NAI. MOT1 l. ITY
After an overnight fast, subjects swallowed a multi-
lumen tube which was guided with the aid of fluoro-
scopy so that its tip was in the proximal jejunum. The
tube was constructed from a number of polyvinyl
chloride tubes (id 0(63 mm) bonded by tetrahydro-
furan around a central radioopaque channel (id
3 mm), which was interrupted at one point by a short
radiolucent segment to allow its position to be
fluoroscopically located at the pylorus. Six channels
of the tube opened at 1 cm intervals, three on either
side of the pyloric market to enable distal antral and
proximal duodenal activity to be identified. A further
channel opening at the tip of the tube enabled
measurements to be made from the distal duodenum.
Each channel was perfused with distilled water
through a low compliance pneumohydraulic pump,
intraluminal pressure change at each site being
detected through attached strain gauge transducers
(Gaeltec Ltd S8b Dunvegan, Skye, Scotland).
The output of each transducer was then fed into
a multichannel chart recorder (Watanabe,
Linearcorder mk VII, Tokyo, Japan), run at a rate of
25 mm/min, to provide a permanent graphic record.

AUTONOMIC STIMUI ATION
Autonomic stimulation was started five minutes
before meal ingestion as in earlier studies` by
repeated one minute immersions of the subjects non-
dominant hand in cold water, with 15 seconds
recovery between immersions, and was continued for
20 minutes. For the control stimulus, water at 37°C
was used. Autonomic responses to the test and
control stimuli were assessed by serial measurements
of brachial artery pressure (using a random zero
sphygmomanometer) together with pulse rate (by
radial artery palpation), while an individual's percep-
tion of discomfort on each occasion was graded on a
simple linear scale ranging from 0 (complete
comfort) to 10 (intolerable discomfort), termed the
'stress index'. Previous experience with the hand
immersion technique` has shown that the period of
autonomic stimulation exceeds the period of hand
immersion by approximately 10 minutes, as further
discomfort occurs on hand rewarming.

DRUGS
All pharmacological agents used for the experiments
were commercially available preparations obtained
from the hospital pharmacy. The preparation of L-
propranolol used was Inderal 160 mg (ICI plc).
Sotalol was used in the form of Sotacor 160 mg
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(Bristol-Myers), and atenolol as Tenormin 100 mg

(Stuart Pharmaceuticals Ltd) a dose which in man
is highly beta-1 adrenoreceptor specific.`' D-
propranolol tablets were obtained from ICI plc.
Dummy tablets to match the atenolol were provided
by the hospital pharmacy. Thymoxamine (120 mg)
was given as Opilon (Warner Ltd). All drugs were

ingested one hour before the application of the test
stimulus.

EXPERIMENTAL PROTOCOLS
Three different experiments were conducted as out-
lined below.

1 Pilot study ofthe effects ofadrenoreceptor
blocking drugs on the cold water induced transit delay
This study comprised 36 orocaecal transit experi-
ments carried out on one individual after a standard
protocol on each occasion (Fig. 1).
Drugs given were L-propranolol (a non-specific

beta blocker with both central and peripheral
actions), D-propranolol (which has membrane
stabilising but not beta blocking action), sotalol (a
non-specific peripherally acting beta blocker),
atenolol (a beta-1 specific peripherally acting beta
blocker),'9 and thymoxamine (a non-specific alpha
blocker).
Each drug was given on six separate occasions one

hour before meal ingestion. On three occasions drug
ingestion was followed by cold water hand immer-
sion, on three others it was followed by warm water
hand immersion, the overall order of experiments
being randomised.

2 Double blind, randomised controlled trial of
atenolol v placebo on the cold water induced transit
delay
Based on the results of the pilot study, a double blind
randomised trial was conducted to compare atenolol
v placebo on orocaecal transit during either cold
water or warm water stimulation. Nine subjects
underwent the four transit studies on separate days,
the order of experiments being determined by a

latin square design. Either atenolol or a matched
dummy tablet was given one hour before each
study.

3 Double blind trial ofatenolol v placebo on the cold
water induced alteration in antroduodenal motility
Seven subjects were studied on two days, two
experiments being performed on each day in order to
reduce the need for repeated intubation and x-ray
exposure from four occasions to two. As the bio-
logical half life of atenololl" exceeded the duration of
a single study, it was not possible to use a fully
balanced latin square experimental design; so a

cold water Test Control) a00C Ts oto

Drug

-60

Breath H2

stimulus

warm water
at 370C

I20i 4 60 8 10

ol 20 40 60 80 100
meal Time (min)

4 44 4 4444 4444 4 444i
Blood pressure) 4
Pulse 4 ~ 4
Stress index

Fig. 1 This diagram summarises the experimental protocol
usedfor all the transit studies performed in experiments I and
2. Arrows indicate the time at whicht measurements were
made, the hatched block indicates the time of application of
the stimulus.

predetermined study order was designed by one of
the authors (SJD) that allowed an adequate com-
parison of the four experimental conditions to be
achieved without the possibility of beta-blocking
effects spilling over into any succeeding placebo
study (Table).

All subjects arrived in the laboratory after an
overnight fast and ingested the multilumen tube.
Once the tube was in situ, they rested quietly for a 30
min period. This allowed the subject to become
familiar with the apparatus, and provided time for
an assessment of the prevailing fasting motor
pattern and measurement of resting pulse and blood
pressure. The meal was then ingested during a period
of phase II activity and 10 minutes were allowed to
elapse, for antroduodenal motility to develop a fed
pattern. The test or the control stimulus was then
applied and changes in blood pressure, pulse and
discomfort were assessed as in the other experiments.

Table Antroduodenal motility study

Study order

Day ! Day 2

Subject am pm am pm

1 Pc Bc Pw Bw
2 Pc Pw Bw Bc
3 Bw Bc Pc Pw
4 Pw Bw Bc Bc
5 Bc Bw Pw Bc
6 Pw Pc Pc Bw
7 Pc Bc Pw Pc

P=placebo; B=beta blocker; c=cold water; w=warm water.

a A 1
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In this experiment the stimulus was applied for
10 minutes, this duration being chosen to avoid
unnecessary subject discomfort as pilot studies had
indicated that the stimulus could rapidly induce
changes in motility.

After completion of the first study, upper gastro-
intestinal motility was allowed to return to its fasting
state, recognised by the return of a migrating burst of
regular contractions (phase III). Another placebo or
active tablet was then given and one hour later a
second meal was ingested and the study repeated
according to the predetermined study design. At the
completion of the study the position of the tube in
relation to the pylorus was rechecked by fluoroscopy
before its removal to improve identification of antral
and duodenal motor activity.
STATISTICAI ANALYSIS
For the purposes of data display group means and
standard errors of the mean (SEM) have been used.
For tests of significance, non-parametric compari-
sons of paired data were used with the technique of
repeated measures analysis of variance,"' a p value of
<0-05 being taken to indicate a significant difference
between pairs.

EXTRAINTESTINAL RESPONSES
Because previous studies7 indicated that the
duration of discomfort after the cold water stimulus
extended for about 10 minutes after cessation of the
stimulus, the mean response for each autonomic
variable in the transit studies was calculated for 30
minutes after its onset and compared with the mean
value for the preceeding 30 minutes. The difference
between these two values for the test and control

Water at 37 C

Water at O C

a blockade j3blockade

Thymoxamine L Propranolol
140

c 120

a) 100 -

I 80

D 60-

E 40

20 -

0

No drug

a

T

D Propranolol Sotalol Atenolol

LS
Fig. 2 Thte results of the 36 tr-ansit studies performed on one

individual are shown. Eaclh dot indicates the time of onset of
a breath hydrogen rise for each transit study. The height of
each column indicates the tnean value for the three studies.

studies was then used to indicate the magnitude of the
extraintestinal response for that individual.

For the estimation of extraintestinal responses to
the stimuli in the motility studies, the autonomic
variables were measured over 20 minutes, and com-
pared with the preceeding 20 minute period.

OROCAECAL TRANSIT
The arrival of the meal marker at the caecum was
taken to have occurred at the onset of a rise in breath
hydrogen. For the purpose of data analysis a hydro-
gen rise was defined as having occurred when the
hydrogen concentration first exceeded twice the
mean preingestion value. This method being chosen
from previous studies' '4 because it provided a simple
but reliable end point.

ANTRODUODENAI. MOTILITY

For the analysis of the pressure tracings a method
previously described by others" was used. The
channel closest to the pyloric marker which showed
three per minute contractile activity was selected as
the antral channel. The most proximal channel with
consistent contractions at a frequency of approxi-
mately 12 per minute was chosen as the proximal
duodenal channel. Channels closer to the pyloric
marker in which this distinction could not be made
were not studied. After channel selection, the
number of pressure waves in the 10 minute periods
before and during stimulation were counted and
differences between these two values were used as an
index of response to the stimulus. For analysis of
distal duodenal activity the channel at the tip of the
tube was always chosen.
To prevent the inclusion of artefact, only pressure

activity equal to or greater than respiratory artefact
was analysed, and activity occurring simultaneously
in all channels, which may have been caused by
transient intra-abdominal pressure change or tube
movement, was excluded from analysis.

Results

EXPERIMENT 1 PILOT STUDY

Orocaecal transit
The results of the 36 studies are summarised in
Figure 2.
Cold water consistently delayed transit compared

with control stimulation (control: 87-9 (2.6) min'
test: 123.4 (2-8) minm p<0-05). Alpha adreno-
receptor blockade with thymoxamine did not alter
this pattern of response. In contrast, L-propranolol
and the other beta adrenoreceptor blockers consist-
ently attenuated the cold water effect on transit
whereas D-propranolol showed no such effect.

. .11. .11.

.

.

7b
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Fig. 3 Thze results of exper iment 2 ar.e summar-ised in this
figure. WW= warm water stimulation, CW=cold water
stimulation, P=placebo, A =atenolol.

Extraintestinal reponses
Cold water stimulation produced a consistent rise in
systolic pressure (mean rise 25-1 (1.9) mmHg,
p<005) and diastolic pressure (19.1 (1.1) mmHg,
p<005), compared with control studies. The pulse
rate increased by 5-3 (0-8) beats/min (p<0-05) and
the test stimulus was consistently regarded as

unpleasant (change in stress index; 8-4 (0.1),
p<0.05). There was no reduction in autonomic
response between the first and last placebo cold water
study (mean change in systolic BP; 1st v 3rd, 23-0 v
24-7 mmHg), indicating that adaptation to the
stimulus had not occurred.

EXPERIMENT 2

Orocaecal transit
The results of this study are shown in Figure 3.

In eight of the nine subjects cold water stimulation
delayed transit, while in the other, there was little
change (warm water transit: 58.5 (3.6) mins v, cold
water transit: 82 2 (8.3) min, p<0-01). Prior adminis-
tration of atenolol significantly attenuated the cold
water delay (placebo+cold water: 82-2 (8.3) min v
atenolol+cold water: 56-7 (4.4) min, p<001).
Atenolol ingested before warm water stimulation
exerted no significant effect on transit (atenolol+
warm water: 56-0 (3.7) v placebo+warm water: 58-5
(3.6), p>O- 1).

Extraintestinal responses
During control stimulation the effect of beta
blockade was apparent with a significant (p<0-05)
reduction in resting pulse rate (mean reduction 4 2
(1-6) beats/min) and blood pressure (mean reduction
in systolic pressure compared with placebo 5-6 (1-0
mmHg). Cold water stimulation during placebo
treatment produced the expected pressor response,
with a mean rise in systolic blood pressure of 20-5
(2.2) mmHg (p<0-01) and a mean diastolic rise of
17-7 (0.9) mmHg (p<0.01). In addition the pulse rate
rose (mean change 6-6 (1.1) beats/min, p<0(01) and
the stimuus was consistently regarded as unpleasant
(mean change in stress index 7-5 (0.7), p<0.01).
Prior administration of atenolol reduced the magni-
tude of the cold water induced pressor and pulse
responses when compared with placebo pretreat-
ment but the absolute changes in the pulse and blood
pressure between the two atenolol studies were
similar to those of the two placebo experiments,
indicating that previous beta blockade inhibited
neither the cardiovascular autonomic responses, nor
the perception of the discomfort.

EXPERIMENT 3

Antroduodenal motility
The results of this study are shown in Figures 4 and 5.

Test meal ingestion produced a change from fast-
ing (phase II activity) to a characteristic fed pattern
on all occasions. This was recognised by a gradual
reduction in the frequency of recordable antral
contractions and an increase in the frequency of
irregular duodenal contractions. In one individual,
however, cold water stress interrupted the fed
pattern of motility and induced the occurrence of a
pattern resembling phase III activity. Atenolol alone
or in the presence of stress did not cause any apparent
change in the fed pattern.

For the group, cold water immersion after placebo
reduced the number of pressure waves recorded from
both antrum and duodenum an effect that reached
significance in the antrum (mean reduction 11 (2.6)
contractions/lO min, p<0-05) and distal duodenum

1534
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Fig. 4a. 4b Motility tracingsfrom tie same indiv,idual are siown botl before and during contr ol stimulation witl warm water
(Fig. 4a) annd test stimulation wit/li cold water (b). In both figur-es, eachi hlorizontal line shtows intraluminal pressulre activity
fr(om the antrum (channels 1-3), upper duodenal (channels 4-6), lower duodenum (chlannel 7). After cold water stimulation a

reduction in motor activity can be seen in all channels.

(mean reduction 10.6 (3.1) contractions/lO min). In
the proximal duodenum a smaller more variable
inhibition in motor activity was induced (mean reduc-
tion 4-5 (4.0), p>0O1). In contrast to the transit
experiments, pretreatment with atenolol exerted no

significant effect on motility during either test or

control stimulation.
Because of the necessarily incomplete balance of

the study, the presence of an order effect was sought
by analysis of variance. No indication of any order
effect was found.

Extraintestinal responses
As in the previous studies, cold water stimulation
produced a consistent pressor response, with similar
changes in systolic pressure (18.8 (2.1) mmHg), and
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pulse (6.8 (1.4) beats/min) compared with warm
water immersion. In all the control experiments
atenolol was again associated with a significant fall
in blood pressure (mean systolic reduction: 5-9 (1.6)
mmHg) and pulse (4.6 (1.4) beats/min), compared
with placebo, indicating again that the drug achieved
beta blockade in all subjects. During cold water
stimulation comparisons between the atenolol pair
and the placebo pair also showed changes in blood
pressure pulse, and discomfort comparable with the
transit experiments indicating that the drug had
neither abolished the cardiovascular responses to the

Mean (SEM) Control
Contractions
per 10min(n) Test

20-
E

< 10-

E
m

CD
O 20

010
0

0~

E
a) 20-
o
0

X 10-

0.

WW WW CW CW

+ + + +

P A P A

Fig. 5 Thlis diagr am shiows ilie motor activity in the antrum
and in ti/e proximal and distal duodenum, during the four
experiments. The prestimulation control per iod data are
slhown as open columns and the stimulation period data as

hiatchled columns. Cold water stimulation can be seen to
reduce botlh antral and duodenal motor activity, a response
unaffected by prior Atenolol administration. See Figure 3 for
code to columns.

stimulus nor reduced the perception of discomfort
experienced. In the four experiments in which
atenolol was given twice on one day, no further
reduction in blood pressure or pulse were measurable
after the second dose, suggesting that the level of
beta blockade had not altered and that effective beta
blockade had been achieved by the initial dose.

Because of this apparent lack of effect of atenolol
(B,), a series of repeat studies were performed on
three subjects using propranolol (B, and B2
antagonist). The effects of propranolol on the cardio-
vascular and motility responses to cold immersion
were very similar to those of atenolol, with no
noticeable attenuation of the motor inhibition,
indicating that neither beta 1 nor beta 2 receptors
were likely to be mediating the response.

Discussion

The results of our studies, which show an overall
inhibition of upper gut function in response to cold
water stimulation, are consistent with previous
reports of a general inhibitory effect of sympathetic
stimulation on gut function' `s and with previous
studies of the effects of cold water stimulation on
human orocaecal transit.' It remains uncertain from
our studies, however, whether the site of action of the
sympathetic stimulus is gastric or small intestinal, or
both. Certainly gastric emptying is delayed by cold
stress' and by 1P adrenoreceptor stimulation,"' but
more recent studies also indicate similar actions of
adrenoreceptor stimulation on duodenocaecal
transit.`"

Sympathetic nervous stimulation is well recognised
to cause inhibition of gut function in vitro'7 and the
anatomic pathways by which such inhibition is con-
veyed to the gut are known in some detail."" The
pharmacology of the system, however, particularly in
man, is poorly defined. Such evidence which does
exist suggests that the predominant receptor subtype
on mammalian enteric ganglia is alpha specific'7
whereas beta receptors seem to predominate on
human gut smooth muscle.'
More recent developments in beta receptor

research also show specific localisation, with beta-1
receptors being largely on the target organ, while
beta-2 receptors are largely prejunctional, on the
nerve endings.`' Beta receptors also show different
affinities for catecholamines. Noradrenaline as might
be expected is largely al and 131 while adrenaline has
greater at2 and 132 potency," consistent with the
concept that the former acts as a direct neuro-
transmitter while the latter is a more indirect
neuromodulator.

In seeking to explain our finding of discrepant 13-
blockages effects on transit and antroduodenal
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motility, a number of possibilities arise. From the
above data on [3-receptor localisation and effect, one
plausible explanation is that the noradrenergic
stimulus provided by hand immersion in cold water,
inhibited both smooth muscle and enteric neurone
activity. The preferential localisation of beta
receptors on smooth muscle rather than ganglia
might suggest that the effect of cold water stress on
intestinal transit is mediated by reduction in con-
tractile force rather than a change in the pattern of
contractile activity which is modulated by alpha
receptors.

This hypothesis might also explain the report of
reversal of cold stress mediated antral motor inhibi-
tion by combined alpha and beta blockade2 but not
by beta blockade alone.
An alternative possibility to explain our results

might be that a P-blockade effect on motility could be
present in the gut, but at a site other than the
antroduodenum. This hypothesis is consistent with
data on feline intestinal motility showing that the
ileum is more sensitive than the jejunum to the
inhibitory effect of splanchnic stimulation.' Further-
more splanchnic nerve section results in greater
motor response in the ileum than jejunum27 suggest-
ing that it is the lower rather than the upper small
intestine which is under greatest sympathetic
inhibitory control.

It has also be be accepted that serial antroduodenal
intraluminal pressure measured by the technique
used by us do not provide precise information about
transport of intraluminal contents. Movement of
nutrients through the stomach and intestine is the
result of aboral pressure gradients induced by
differential smooth muscle tone and aborally propa-
gating peristaltic contractions. Measurement of these
factors requires other more sophisticated methods -
for example, a barostat technique for tone measure-
ment'x and multiple closely spaced sensors and
fluoroscopy for direct measurement of intraluminal
transport.'9 Because our measurements of motility
were relatively crude, it is possible that beta-
blockade could have altered transit through an action
on the pattern of propagated contractions without
being detected by our method. Further studies of
motor responses to stress with and without beta-
blockade using these more sophisticated techniques
are obviously indicated.

In an earlier study of cold stress effects on the gut,
no consistent effects on antroduodenal motor activity
were noted, a finding which contrasts with our data.
While it is difficult to determine the exact reason for
the discrepancy between those results and our
current data, most plausible explanation relates to
differences in methods of study and data analysis
used. In the original experiment, hand immersion

was continued for 20 minutes and measurements of
motor activity were made for the duration of the
stress period. In the present study a 10 minute
stimulus was used, because preliminary studies
indicated that the motility inhibition was short lived
and motor activity returned to its usual irregular
postprandial pattern within a few minutes of stimulus
application. The earlier study may thus have missed
an effect by including irrelevant independently
variable data in the analysis.
A further possible explanation for our findings

could be that the reduction of effect of cold water on
transit after beta-blockade is mediated by a mecha-
nism independent of motility. Other known effects of
sympathetic stimulation on upper gut function
include inhibition of gastric, pancreatic, and intest-
inal secretion.7 " In each instance evidence exists to
indicate a role for a beta adrenoreceptor mediated
pathway in their inhibition.' 3 It is possible, there-
fore, that present observations might also have
occurred via such a pathway. Morris and Turnberg3
showed a reduction in fasting small bowel fluid
absorption after propranolol, suggesting that the
sparing effect of beta blockade on stress induced
transit delay might additionally be through inhibition
of meal absorption. The failure of our warm water
stimulation experiments to show a significant differ-
ence between placebo and atenolol groups, however,
indicates that any intrinsic effect of beta blockade on
orocaecal transit is likely to be small in comparison
with cold water induced actions.

Because blood concentrations of atenolol were not
measured it could be suggested that the failure to
show a drug effect in the motility study might be a
result of delayed gastric emptying and absorption,
which has been reported to occur in the presence of
an intestinal tube.l This suggestion seems unlikely
however, as pulse and blood pressure responses were
equal in magnitude and speed of onset, in the motility
and the transit studies. The rapidity of the response
to atenolol administration is also consistent with data
on its bioavailability. After an oral dose between 40-
60% is absorbed" 54 and the percentage absorbed one
hour after oral administration is at least 20%.1' In
addition, drugs which delay gastric emptying - for
example, propantheline are reported to improve
rather than decrease the bioavailability of atenolol2,
probably the result of more efficient dissolution of
the tablet by increased contact with gastric juice.
While it is tempting to extrapolate the results of

our studies into clinical practice and to explain gut
dysfunction in patients in terms of sympathetic over-
activity, caution must prevail. It has to be accepted
that hand immersion in cold water while proving a
valuable experimental stimulus to the sympathetic
nervous system must be regarded as a physiologic
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'probe' and may not induce changes in gut physiology
which mirror those produced by the more common
stressors of day to day life. Our studies do, however,
appear to have uncovered a gut control system
mediated by a beta sympathetic pathway which
seems hitherto virtually unexplored. Further study of
its relevance for modulation of nutrient transit and
absorption both under normal pathological condi-
tions is now indicated.

Dr D G Thompson was a Wellcome Trust Senior
Lecturer in Medicine.
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