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Influence of peppermint oil on absorptive and
secretory processes in rat small intestine

A Beesley, J Hardcastle, P T Hardcastle, C J Taylor

Abstract
Background-Peppermint oil is used to
relieve the symptoms of irritable bowel
syndrome, relaxing intestinal smooth
muscle by reducing the availability of
calcium, but its effects on intestinal
transport are unknown.
Aims-To determine the effect ofpepper-
mint oil on intestinal transport processes.
Methods-The influence ofpeppermint oil
on intestinal transport was investigated in
rat jejunum using both intestinal sheets
mounted in Ussing chambers and brush
border membrane vesicles.
Results-Mucosal peppermint oil (1 and
5 mg/ml) had no significant effect on
basal short circuit current, but inhibited
the increase associated with sodium
dependent glucose absorption. The
increased short circuit current induced by
serosal acetylcholine, a reflection of
calcium mediated electrogenic chloride
secretion, was unaffected by mucosal
peppermint oil (5 mg/ml). In contrast,
serosal peppermint oil (1 mg/ml) inhibited
the response to acetylcholine without
reducing the effect of mucosal glucose.
In brush border membrane vesicles
active glucose uptake was inhibited by
extravesicular peppermint oil at con-
centrations of05 and 1 mg/ml.
Conclusions-Peppermint oil in the intes-
tinal lumen inhibits enterocyte glucose
uptake via a direct action at the brush
border membrane. Inhibition of secretion
by serosal peppermint oil is consistent with
a reduced availability ofcalcium.
(Gut 1996; 39: 214-219)

Keywords: peppennint oil, small intestine, glucose
absorption, chloride secretion, brush border
membrane vesicles, rat.

(4.40/o).3 It is given orally, usually in enteric
coated capsules that prevent its release in the
stomach.8 The free oil will therefore first come
into contact with the epithelial cells that line
the intestinal lumen. These enterocytes are
responsible for the absorption of nutrients,
ions, and water from the intestinal lumen and
the possibility that peppermint oil might in-
fluence these processes has not been previously
investigated.

The enterocytes also possess the capacity for
secretion, a process that entails the stimulation
of electrogenic chloride secretion, together with
the inhibition of electroneutral sodium chloride
absorption.9 Intestinal secretion is regulated by
a variety of neural,10 humoral," and immune
factors,'2 many of which change the level of
cytoplasmic calcium by increasing its entry from
the extracellular compartment.'3 14 As pepper-
mint oil has been shown to block calcium
mediated events in intestinal smooth muscle,7 it
may also inhibit intestinal secretion induced by
agents that act in this way.

This study was designed to investigate the
possibility that peppermint oil can influence
transport across the small intestine by examin-
ing its effects on both absorptive and secretory
processes. A preliminary report of the data has
been presented to the British Society of
Gastroenterology. 15

Methods

Animals
Experiments were carried out on male Wistar
rats, 230-250 g, obtained from the Sheffield
Field Laboratories and permitted free access to
food and water. They were anaesthetised with
sodium pentobarbitone (Sagatal, 60 mg/kg
intraperitoneally).
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Peppermint oil is a naturally occurring carmi-
native, which is used to relieve the abdominal
colic and distension associated with irritable
bowel syndrome.' It acts by relaxing intestinal
smooth muscle, an effect that has been
observed both in vitro2-4 and in vivo.5
Relaxation of smooth muscle by peppermint
oil has been attributed to its ability to reduce
calcium availability6 and a patch clamp study
has shown that it acts on potential dependent
calcium channels in the muscle membrane,
reducing the peak current amplitude and
increasing the rate of current decay.7

Peppermint oil consists of a number of con-
stituents including menthol (44%), menthone
(33%), cineole (12%), and menthyl acetate

Measurement of transintestinal electrical activity
The potential difference (PD), short circuit
current (SCC), and tissue resistance were
measured in paired sheets taken from adjacent
segments of the mid-region of the small
intestine from which the outer muscle layers
and myenteric plexus had been removed. Each
sheet was mounted in an Ussing chamber with
an aperture of 1.925 cm2 and incubated at
37°C in Kreb's bicarbonate saline gassed with
95% 02- 5% CO2. The serosal fluid contained
10 mM glucose and the mucosal fluid 10 mM
mannitol, each having a volume of 5 ml. The
PD was measured using salt bridge electrodes
connected via calomel half cells to a differential
input electrometer with output to a two
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channel chart recorder (Linseis L65 12).
Current was applied across the tissue via
conductive plastic electrodes and the SCC
measured as described by Field et al. 16

After mounting sheets were allowed to
stabilise for 10 minutes after which readings
of PD and SCC were taken at one minute
intervals. After five minute basal readings
peppermint oil was added to either the
mucosal or serosal solution of the test sheet,
with the control sheet receiving an equivalent
volume of the vehicle (1% ethanol v/v). After
a further 10 minutes glucose, glycine or
acetylcholine was added to both sheets.
Glucose or glycine was added sequentially to
the mucosal solution to give concentrations of
2.5, 5, 10, 15, 20, 25, 30, 35, and 40 mM. To
assess the effect of the increased osmolarity of
the mucosal solution resulting from the addi-
tion of nutrient, control experiments were
carried out in which nutrient was replaced
with equimolar mannitol. The rise in SCC
associated with active nutrient transport was
taken as the difference between the increase
seen with glucose and the decrease obtained
with the same concentration of mannitol.
Acetylcholine was added to the serosal
solution to give a concentration of 10-3M.

Measurement ofglucose uptake by brush border
membrane vesicles
Vesicles were prepared from the small intestine
using a method based on the magnesium
precipitation technique.'7 Mucosal scrapes were
obtained from the jejuna (the first 25 cm from
the ligament of Treitz) of two rats and stored at
-80°C. To prepare vesicles the scrapes were
each thawed in 18 ml buffer A
(50 mM mannitol, 2 mM Na HEPES 0.02%
NaN3, pH 7-4 at 4°C) and homogenised with a
Chemap El-Vibromixer (glass P1 plate, 3 cm
diameter) for two minutes at full speed
(60 Hz). The homogenates from the two jejuna
were then combined and aliquots taken for
enzyme assays before adding 1M MgCl2 to a
final concentration of 10mM and stirring gently
on ice for 20 minutes. Subsequent steps were all
carried out at 4°C. The mixture was centrifuged
at 3000 g for 10 minutes and the supernatant
recentrifuged at 27 000 g for 30 minutes. The
brush border membrane pellet was resuspended
in 20 ml buffer B (300 mM mannitol, 20 mM
Na HEPES, 0.1 mM MgSO4, 0.02% NaN3,
pH 7A4 at 20°C) by passing several times
through a 21 gauge needle. The suspension was
then centrifuged for 15 minutes at 6000 g and
the supernatant recentrifuged at 27 000 g for a
further 30 minutes. The pellet consisting of
purified brush border membrane vesicles was
finally resuspended in buffer B using a 21 gauge
needle to give a protein concentration of 10-18
mg/ml.

Glucose uptake into freshly prepared
vesicles was measured at 20°C using a filtration
stop technique. Three p1l vesicle suspension
was added to 60 p1 incubation medium to give
an extravesicular composition of 100 mM
NaSCN, 100 ,uM D-[3H]-glucose (4 GBq
mmol- 1), 120 mM mannitol, 20 mM Na

HEPES, 0.1 mM MgSO4, 0.02% NaN3, pH
7.4 at 20°C. Passive uptake of glucose was
determined in the presence of 0.25 mM phlor-
rhizin and subtracted from total uptake to
provide a measure of active glucose uptake.
Peppermint oil or its vehicle (1% ethanol v/v)
was added to the incubation medium to give
the concentrations indicated. When present,
Triton X-100 was diluted with water and
added to the incubation medium to give a final
concentration of 0.04%. Each experimental
value was taken as the mean of duplicate
measurements made on a single sample.

Uptake of glucose was terminated at set time
points by the addition of 2.5 ml ice-cold stop
solution (165 mM NaCl, 20 mM Na HEPES,
0.25 mM phlorrhizin, 0.02% NaN3, pH 7-4 at
4°C) and rapid filtration through a 0.45 urm
nitrocellulose membrane filter (Whatman Ltd,
Maidstone) under vacuum. The filters and
incubation tubes were washed with a further
5 ml stop solution. The filters were dissolved in
5 ml Emulsifier Safe scintillation fluid for sub-
sequent counting in a liquid scintillation
analyser (Packard Tri-carb 1600 TR), with all
counts being corrected for quenching. Non-
specific binding of glucose to filter papers was
estimated by filtering incubation medium with
no added vesicles. Glucose uptake is expressed
as pmol/mg protein.

Protein was assayed by its capacity to bind to
Coomassie blue using the Biorad assay tech-
nique, with bovine serum albumin as standard.

Measurement of non-specific glucose binding to
brush border membrane vesicles
It is possible that artificially high glucose uptake
rates may be seen as a result of non-specific
binding to the external face of the brush border
membrane vesicles. As the size of the intra-
vesicular space is inversely proportional to the
external osmolality, uptake of glucose at an infi-
nitely high extravesicular osmolality must be
caused by such non-specific binding.17 The
effect of external medium osmolality upon
apparent glucose uptake at equilibrium was
therefore assessed by incubating vesicles with
extravesicular solutions containing differing
amounts of D-cellobiose (0 to 600 mM) to alter
osmolality. Each reaction was allowed to pro-
ceed for 30 minutes to ensure that it had
reached equilibrium before halting it with the
addition of a stop solution that was isoosmotic
with the incubation medium. Vesicles were pre-
pared with the following internal composition:
100 mM mannitol or cellobiose, 20 mM Na
HEPES, 01 mM MgSO4, 0-02% NaN3 (pH
7-4 at 20°C). The choice of mannitol or cello-
biose as the impermeant solute in the internal
solution did not significantly change the results.
The final composition ofthe extravesicular solu-
tion was 50 mM NaSCN, 20 mM Na HEPES,
100 uM D-[3H]-glucose (4 GBq mmol- 1), 0.1
mM MgSO4, 0.02% NaN3 (pH 7-4 at 20°C)
plus varying concentrations of D-cellobiose and
in all cases the osmolality was measured. Stop
solutions consisted of 50 mM NaCl, 20 mM Na
HEPES, 0-25 mM phlorrhizim, 0.02% NaN3
plus 0-600 mM mannitol (pH 7.4 at 4°C).
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Figure 1: Effect ofpeppermint oil on the changes in SCC induced by the serial addition of
glucose (solid symbols) or mannitol (open symbols) to the solution bathing the mucosal
surface of stripped sheets of rat small intestine. Peppermint oil was added to give
concentrations of 0.1 (3 n=5, 0 n=6), 0.5 (A n=6, A n=6), 1 (V n=8, V n=6) or 5
(O n= 10, 0 n=8) mg/ml, with control sheets (0 n=29, 0 n=26) receiving an
equivalent volume (1 % v/v) of the ethanol vehicle. Each point represents the mean (SEM)
of the number ofobservations indicated.

Assay of marker enzymes
The activities of brush border, basolateral, and
mitochondrial marker enzymes were deter-
mined in the initial homogenate and in the
brush border membrane vesicle suspension to
evaluate the degree of purification of the final
preparation. Alkaline phosphatase activity was
measured using a commercial kit (Sigma 104)
with p-nitrophenyl phosphate as substrate.
Sucrase activity was determined using a
method based on that of Dahlqvist,18 while
basolateral Na+/K+-ATPase activity was
assayed as described by Hardcastle et al.19
Succinate dehydrogenase activity was
measured as described by Pennington.20 All
enzyme activities were calculated per mg
protein.

Chemicals
Peppermint oil BP was obtained from Thornton
and Ross, Huddersfield; D-glucose and glycine
from BDH Chemicals, Poole; phlorrhizin
dihydrate from Phase Separations, Queensferry;
adenosine 5'-triphosphate (disodium salt), D-
cellobiose, and acetylcholine chloride from
Sigma Chemical, Poole. D-[3H]-glucose was
purchased from Amersham International,
Amersham. The scintillation fluid used was
Emulsifier Safe from Canberra Packard,

Effect ofpeppermint oil on the SCCmax for glucose and glycine in stripped sheets of rat
mid-intestine. The rise in SCC induced by glucose or glycine was correctedfor the osmotic
component by subtracting the change in SCC induced by equimolar mannitol. Peppermint
oil was added to either the mucosal or serosal solution of test sheets as indicated, with
control sheets receiving an equivalent volume of vehicle (1% ethanol v/v). The SCCmax
values were determined using the Eadie-Hofstee plot and each value represents the mean
(SEM) of the number of observations (n) indicated, with a paired t test being used to
assess the significance ofpeppermint oil action. *p<O.OO1 (control v test)

SCCmax (pA/cm2)
Peppermint oil
(mg/mi) Application Number Control Test

Glucose 0.1 Mucosal 5 428 (22) 400 (37)
0.5 Mucosal 6 423 (46) 401 (67)
1.0 Mucosal 8 476 (52) 189 (33)*
5.0 Mucosal 10 398 (35) 160 (27)*
1-0 Serosal 9 431 (32) 413 (39)

Glycine 5.0 Mucosal 9 247 (26) 36 (4)*

Pangbourne. Diagnostic kits for the deter-
mination of alkaline phosphatase activity were
obtained from Sigma Chemical, Poole and
Biorad protein assay reagents from Biorad,
Hemel Hempstead. All other reagents were of
analytical grade.

Expression of results
Results are expressed as mean (SEM) values of
the number of observations indicated and
Student's t test, paired or unpaired as
appropriate, was used to assess the significance
of peppermint oil action. A kinetic analysis of
the nutrient dependent rise in SCC was
performed using the Eadie-Hofstee plot2' to
calculate the apparent transport constant and
the maximum increase in SCC (SCCmax).

Results

Effect ofpeppermint oil on transintestinal electrical
activity
Control intestinal sheets generated a basal PD
of 2.7 (0. 1) mV and a SCC of 104 (4) [pA/cm2
(n= 100), the serosal side being positive with
respect to the mucosal side. Tissue resistance
was 27 (1) ohm.cm2. Values for the test sheets
did not differ significantly (p>0 05 in all
cases). Application of peppermint oil to either
the mucosal (up to 5 mg/ml) or serosal solution
(1 mgfml) did not significantly affect basal
electrical activity (p>0-05 in all cases).
The addition of glucose to the luminal

surface of the intestinal sheets caused a con-
centration dependent rise in SCC (Fig 1) that
consists of two components: an increase
associated with active sodium dependent
glucose absorption and a decrease because of
the imposition of an osmotic gradient.22 The
magnitude of the osmotic component can be
assessed by determining the effect of equimolar
mannitol on the SCC (Fig 1), which reduced
the SCC by 24 [iA/cm2/10 mM. The increase
in SCC due to active glucose absorption can
therefore be calculated.

Peppermint oil, at concentrations of 1 and
5 mg/ml, inhibited the increase in SCC
associated with active glucose absorption,
although lower concentrations (0 1 and 0.5
mg/ml) were without effect (Fig 1). Pepper-
mint oil also reduced the effects of mannitol,
with significant differences being observed at
higher mannitol concentrations with pepper-
mint oil concentrations of 0.5, 1, and 5 mg/ml
(Fig 1).
A kinetic analysis of the data showed that

mucosal peppermint oil reduced the SCCmax,
causing a 59 (5)O/o (n=9) inhibition at 1 mg/ml
and a 58 (6)% (n= 10) inhibition at 5 mg/ml
(Table).
Mucosal peppermint oil caused a more pro-

nounced inhibition of the rise in SCC induced
by the actively transported amino acid glycine,
reducing the SCCmax by 85 (1)% (n=9) at a
concentration of 5 mg/ml (Table).
To find out if the actions of mucosal pepper-

mint oil were selective for nutrient absorption,
its effects on acetylcholine induced secretion
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Figure 2: Effect of medium osmolality on glucose uptake by brush border membrane vesi£
at equilibrium. Each point represents the mean (SEM) offour observations and the
calculated regression line has been extrapolated to infinite osmolality.
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Figure 3: Time course for glucose uptake into brush border membrane vesicles, with 0
(n= 6) representing total uptake and A (n= 6) representing passive glucose uptake in thi
presence of 025 mM phlorrhizin. Each point represents the mean (SEM) of the number
of observations indicated.

were investigated. In contrast with its inhibiti
of nutrient absorption, peppermint oil in 1

mucosal solution at the highest concentrati
tested (5 mg/ml) failed to influence the rise
SCC induced by serosal 10-3M acetylcholi
(control: 249 (27) jiA/cm2, n=9; +pepperm
oil: 213 (23) puA/cm2, n=9, p>0 05).
The effects of the serosal application

peppermint oil were also examined.
1 mg/ml peppermint oil had no effect on ba
electrical activity, nor did it inhibit the rise
SCC associated with active sodium depende
glucose absorption (Table). It did howev
reduce the fall in SCC induced by mannitol
a mean of 31 (2)% (n=9) over the range
mannitol concentrations (p<0.05 at ea

concentration). Serosal peppermint oil a]
inhibited the response to 10-3M acetylcholi
by 64 (7)% (n= 12) (control: 263 (17) ,uA/cn
n= 12; +peppermint oil: 88 (14) pA/cn
n=12, p<0 001).

Characterisation of brush border membrane
vesicles
Vesicles showed a 23 (1)-fold (n= 18) enric
ment in alkaline phosphatase activity and a

(1)-fold (n=8) increase in sucrase activity
compared with the original homogenate.
Conversely, Na+/K+-ATPase activity was
reduced in vesicles to 71 (17)% (n=14) of
homogenate values, while succinate dehydro-
genase activity in the vesicle preparation was
reduced by 100 (0)O/o (n=4), demonstrating a
purification of the brush border membrane
over other cellular membrane types. Non-
specific loss of enzyme activity throughout the
preparation was similar for both sucrase (26
(5)%, n=4) and Na+/K+-ATPase (36 (4)%,
n=4), suggesting that differences in the enrich-
ments for these two enzymes are unlikely to be

j caused by selective degradation processes.
7 Incubating brush border membrane vesicles

in incubation media of increasing osmolality
cles caused a reciprocal decrease in the amount of

glucose uptake (Fig 2). Extrapolation of these
data to an infinite osmolality provides an
assessment of non-specific binding of glucose
to the brush border membrane (6.9 pmol
glucose/mg protein, n=4, r=0.787, p<0 01,
Pearson's product-moment correlation coeffi-
cient). This value is only 1% of the maximum
glucose uptake at 20 seconds (Fig 3), showing
that non-specific binding of glucose makes a
negligible contribution to the uptake data.

Effect ofpeppermint oil on glucose uptake by
brush border membrane vesicles
In the presence of an inwardly directed sodium
gradient glucose was actively taken up by the

, brush border membrane vesicles, a process
z that was abolished in the presence of phlor-
15 rhizin. Total glucose uptake reached a maxi-

mum at 20 seconds and by 15 minutes it had
fallen to values that did not differ from passive

e uptake observed with phlorrhizin - that is, the
reaction had reached equilibrium (Fig 3). The
mean peak overshoot for glucose uptake was
8.2 (1.6)-fold (n=6) greater than equilibrium

ion values, with intravesicular volume being esti-
the mated as 0-83 (0.1) gl/mg protein (n=16).
ion Subtraction of passive uptake from the total
in uptake provides a value for net active sodium
ine coupled glucose uptake. The presence of pep-
mint permint oil in the extravesicular solution

reduced significantly active glucose uptake at
of 10 seconds by 45 (10)% (n=6, p<005) at
At 0.5 mg/ml and by 65 (7)% (n=6, p<0 001) at
Lsal 1 mg/ml. At 005 and 0 1 mg/ml it was without
in effect (p>0 05 in both cases, Fig 4). Pepper-
znt mint oil (0 05 and 1 mg/ml) did not however,
er, cause a significant inhibition of glucose uptake
by at the 15 minute time point, indicating that it
of had not influenced passive glucose entry into
ch the vesicles (Fig 4). This was in contrast with
iso the effects of Triton X-100, an agent known
ine to disrupt membrane structure,23 which
n2, significantly reduced glucose uptake at
n2, equilibrium (Fig 4) to a value (11 (4) pmol

glucose/mg protein, n= 5) that was similar to
that predicted for non-specific binding (Fig 2).

Discussion
fh- Peppermint oil is used to treat disturbances of
10 intestinal motility. As it is given orally it will
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Figure 4: Effects ofpeppermint oil or Triton X-100 on (A) active sodium depende
uptake into brush border membrane vesicles at 10 seconds and (B) total glucose u,
equilibrium (15 minutes). Each point represents the mean (SEM) for n= 6 (conti
peppermint oil) or n=5 (Triton X-100) observations and a paired t test was used
the significance ofpeppermint oil or Triton X-100 action. *p<0.05, **p<0.0O1.

come into contact with the intestinal
where it may influence the transport ac
the enterocytes. This study shows that
mint oil can affect both the absorpt
secretory functions of the intestine,
which seem to be specific to the ti
processes investigated and not the r

non-selective tissue damage.
Peppermint oil, when applied to ei

mucosal or serosal side of an intestin
preparation, had no effect on basal e

activity, suggesting that basal electrog4
transport systems were unaffected. It d
ever, reduce the electrokinetic p
induced by the imposition of an osmoti
ent across the tissue, an effect that w
with both mucosal and serosal pepper
application. Adding an impermeant sc
this case mannitol, to the mucosal %

leads to a decrease in the PD22 accon
by a fall in the SCC. This arises from 1

flow of fluid across the tissue, which d
mobile ions through charged ju
induces a boundary diffusion potentia
unstirred layer immediately adjacent
membrane, and generates a profile asy
potential by distorting ion conce.
profiles within the membrane.24 The
electrokinetic effect seen in the pres

either mucosal or serosal peppermint oil
cannot be attributed to a non-specific increase
in the permeability of the intestinal sheet as

00% tissue resistance remained unchanged. As the
.o effects on the electrokinetic potential were seen
Q when peppermint oil was present on either the
s mucosal or serosal side of the tissue it is

, probable that it alters the charge on the tight
45% junctions, which are considered to be the route

a by which bulk flow of fluid across the tissue
_65% a) occurs.25

' Mucosal, but not serosal, peppermint oil
inhibited the rise in SCC obtained on addition
of glucose. This, when corrected for the

100% osmotic component, has been shown to reflect
the rate of active sodium linked glucose
absorption26 and this study indicates that
peppermint oil inhibits this process. Similar
effects were seen with the actively transported
amino acid glycine. A kinetic analysis of the
data shows that peppermint oil causes a signifi-
cant fall in the SCCmax, suggesting that the
capacity of the transport system had been
impaired. The effects of peppermint oil on the
apparent transport constant were inconsistent.
There are however, several difficulties in the
interpretation of kinetic data derived from
measurements of intestinal transport.24 Firstly
there is a significant unstirred layer at the
luminal membrane that impedes access of the
nutrient to its carrier sites, leading to artificially
high values for the apparent transport
constant. Moreover, changes in SCCmax can

DO also lead to an alteration in the calculated value
for the apparent transport constant.
The ability of peppermint oil to inhibit

'nt glucose nutrient absorption seems to represent a direct

pol and action on the membrane transport process as it
to assess was also observed in brush border membrane

vesicles where the intracellular machinery is
absent. Peppermint oil caused,a concentration

mucosa dependent reduction in sodium dependent
2tivity of glucose uptake, the maximum level of inhibi-
pepper- tion seen being similar to that observed in the
tive and Ussing chamber experiments, suggesting a
effects common mode of action. It does not seem to

ransport act by disrupting membrane integrity as the
-esult of passive uptake of glucose into brush border

membrane vesicles was unaltered, in contrast
ither the with the effects of Triton X-100, which is
tal sheet known to adversely affect membrane structure.
.lectrical It may, therefore, have a more specific effect on
,enic ion the active transport mechanism. This action
lid how- may be exerted at the sodium site of the
?otential glucose carrier SGLT1,27 as glycine absorp-
ic gradi- tion, which is also a sodium dependent
vas seen process, was similarly inhibited by peppermint
mint oil oil. Alternatively, any incorporation of the
Dlute, in lipophilic peppermint oil into the luminal
solution membrane could influence the rate at which
ripanied transporters function.
the bulk Although a detailed investigation into the
lisplaces actions of peppermint oil on intestinal secre-
nctions, tory processes was not undertaken, the fact
al in the that secretion induced by acetylcholine was not
to the inhibited by mucosal peppermint oil indicates

rmmetry that the effects of peppermint oil on brush
ntration border membrane nutrient transport were
reduced selective. The secretory process entails the
gence of opening of chloride channels in the luminal
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membrane, allowing chloride ions accumu-
lated within the enterocyte to diffuse into the
lumen down their electrochemical gradient.28
It has been argued that chloride secretion is a
function of crypt cells, while absorption occurs
in villous cells.29 More recent evidence how-
ever, indicates that villous cells also possess the
capacity for secretion. A secretagogue induced
depolarisation of the luminal membrane has
been observed in villous cells30 and in situ
hybridisation has shown that M3 cholinorecep-
tors, the subtype responsible for cholinergically
induced secretion, are localised to the villi.31
The fact that mucosal peppermint oil has no
action on secretion, even though chloride
secretion and nutrient absorption may be
colocalised, is an indication of the selectivity of
its actions.

Serosal peppermint oil had no effect on
active sodium linked glucose absorption as the
rise in SCC associated with this process was
unaffected. In contrast, the presence of
peppermint oil on this side of the tissue did
cause a considerable inhibition of acetylcholine
induced secretion. Calcium is important for
intestinal secretion,13 14 and the fact that the
acetylcholine induced response is reduced by
the removal of serosal calcium or the presence
of the calcium channel blocker verapamil in
the serosal solution32 suggests that this
secretagogue acts by increasing calcium entry
into the cell via calcium channels at the baso-
lateral membrane. Peppermint oil has been
shown to limit the availability of calcium,6 an
effect that can be explained by its actions on
potential dependent calcium channels.7 The
fact that peppermint oil can inhibit specific
[3H] nitrendipine and [3H] PN 200-1 10 bind-
ing to smooth muscle and neuronal prepara-
tions suggest that it can cause a selective block
of these channels.6 The ability of peppermint
oil to block these channels would explain its
inhibition of the secretory response.

This study shows that peppermint oil is
capable of influencing the transport activity of
the enterocytes that line the intestinal lumen.
The standard bolus dose of peppermint oil for
human subjects is about 400 mg. In the fasting
state a local concentration of 4 mgfml in the
intestinal lumen could readily be achieved, a
value that was effective in causing a change in
intestinal transport. The fact that constituents
ofpeppermint oil appear in the urine8 indicates
that it must eventually cross the intestinal
epithelium and would therefore be capable of
exerting actions on secretory mechanisms as
well as influencing absorption when it is pre-
sent at the luminal surface.
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