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Adrenoceptors in the human
foetal small intestine
S. L. HART AND M. S. MIR

Department of Pharmacology, Chelsea
College, (University of London), Manresa
Road, London, SW3

Human foetal small intestine was shown to
contain both a- and 83-adrenoceptors with a
predominance of ,B-adrenoceptors. The tissue
examined was obtained from foetuses of
gestational age between 8 and 26 weeks.

Both a- and 3-adrenoceptors are present
in the small intestine of the adult human
(Bennett, 1965; Coupar & Turner, 1969;
Hedges & Turner, 1969) and stimulation of
either receptor produces a relaxation.
McMurphy & Boreus (1968) concluded
that only 8-adrenoceptors are present in
human foetal ileum. We reported (Hart &
Mir, 1970) that phenylephrine relaxes
human foetal intestine, and evidence is pre-
sented here that two types of adrenoceptors
are present in the foetal tissue.

Methods.-The whole of the foetal
intestinal tract was obtained from the
Tissue Bank, Royal Marsden Hospital.
The tissue was removed from the foetus
by the staff of the Tissue Bank 2-4 h
after hysterotomy had been performed for
the legal termination of pregnancy. The
tissue was stored in Krebs solution at 4° C.
Two-seventeen hours after removal from
the foetus 2-3 cm of small intestine was
suspended in a 10 ml bath containing Krebs
solution bubbled with 5%/ CO2 in 02 at 370
C and the tone and movements of the
longitudinal muscle were recorded with an
isometric transducer under a tension of
1-2 g. Most preparations were of ileum
but in some of the preliminary experi-
ments the jejunum was used. The tissue
was allowed to equilibrate for 2 h before
the administration of drugs.

Reproduceable relaxations could be
obtained with tissues from the more
mature foetuses (18 weeks) when the
sympathomimetic amines were given at 6
min intervals, but with the younger tissue
(11 weeks) it was necessary to use a time
cycle of 15-20 minutes.
A contact time of 5 min was allowed

for phentolamine, and 10 min for pro-

pranolol, before the administration of the
test amine.
The drugs used were acetylcholine

chloride, noradrenaline bitartrate, iso-
prenaline hydrochloride, phenylephrine
hydrochloride, phentolamine methylsul-
phate, and propranolol hydrochloride.
Drug concentrations are expressed as the
final bath concentration of free base in
g/ml.

Results.-Most preparations of small
intestine showed spontaneous activity
throughout the experiment and all con-
tracted in the presence of acetylcholine
(10-1 to 10-8M). Each of the sympatho-
mimetic amines inhibited spontaneous
activity and produced a relaxation of the
longitudinal muscle.
Responses to noradrenaline were studied

on tissue from over fifty foetuses of gesta-
tional age between 8 and 26 weeks. All
the preparations responded to concentra-
tions of 5 x l0- to 5 x 10-7M and prepara-
tions from the older foetuses tended to be
more sensitive. Propranolol, in concen-
trations of 18 x 10-7 to 1 8 x 10-6M,
inhibited the response to noradrenaline on
twelve preparations. The effect of
phentolamine (4 x 10-7 to 2 x 10-6M) on
the response to noradrenaline was investi-
gated on twelve preparations: on eight the
a-adrenoceptor blocking agent was without
effect whilst on four the relaxation was
reduced by up to 60%.
On twelve preparations from foetuses of

gestational age between 11 and 20 weeks,
phenylephrine was effective in concentra-
tions of 5 x 10-8 to 4 x 10-7M. On two a
small contraction was obtained. The
relaxation due to phenylephrine was
blocked only partially by a concentration
of propranolol which completely inhibited
the response to noradrenaline. Phentol-
amine (3 x 10-7 to 8 x 10-7M) inhibited the
phenylephrine response (nine preparations)
and thus had a greater effect on phenyl-
ephrine responses than on noradrenaline
responses. On some preparations phenyl-
ephrine caused a small contraction in the
presence of phentolamine (Fig. 1).
Responses to isoprenaline (13 x 10-9 to

2 x 1-7M) were obtained on tissues from
seventeen foetuses of gestational age
between 11 and 25 weeks. The response
to isoprenaline was inhibited by pro-
pranolol (2 x 10-7M) on four preparations
but a concentration of phentolamine
(3 x 10-7M) which blocked the response to
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phenylephrine produced little inhibition of
the isoprenaline relaxation on six.

In a few experiments the amine was
added while the tone of the preparation
was raised with acetylcholine ; this proce-
dure did not alter the relaxation response
to the amines or the activity of phentol-
amine or propranolol.
The responses of the ileum from a 20-

week foetus are shown in Fig. 1. Pro-
pranolol (10-6M) inhibited the response to
isoprenaline by about 800%, that to nor-
adrenaline by about 50O but had no effect
on the phenylephrine response. In contrast,
phentolamine (7 5 x 10-7M) reduced the
responses to isoprenaline and noradren-
aline by only about 20% but blocked
completely the relaxation to phenylephrine.
The actions of phentolamine were studied
on twenty-one preparations and eight of
these contracted on addition of the
phentolamine.

In the absence of either inhibitor the
order of potency of the three amines
was isoprenaline>noradrenaline>phenyl-
ephrine.

Discussion.-Both the order of potency
of the three sympathomimetic amines and
the selective inhibition produced by pro-
pranolol and phentolamine show that the
human foetal small intestine contains
B-adrenoceptors. In addition, the sensi-
tivity of the phenylephrine relaxation to
inhibition by phentolamine, and its resist-
ance to propranolol, is good evidence that
a-adrenoceptors are also present in the
foetal small intestine. This is contrary to
the conclusion of McMurphy & Boreus
(1968) who reported that only /8-adreno-
ceptors are present in human foetal ileum.
Their conclusion was based on an order
of potency in which isoprenaline>adrena-
line noradrenaline> methoxamine, plus

the finding that, apart from methoxamine,
the responses to the amines were inhibited
by propranolol but not by phenoxybenz-
amine.
The relaxations produced by methox-

amine were unaffected by either a- or
/3-adrenoceptor blocking agents. The
gestational age of the tissues examined by
McMurphy & Boreus was similar to that
in the present study but their experimental
procedure differed in two respects: they
used a Tyrode solution at 37° C which
had a pH of 7 4, and relaxations were
obtained during an acetylcholine induced
contraction. In the present study Krebs
solution, with a pH of 7-4 was used at
37° C. The possibility that the small
differences between the composition of the
two solutions might explain the different
results has not been investigated but seems
unlikely. We found that phenylephrine
was capable of relaxing the preparation
which had contracted in response to
acetylcholine and that this relaxation was
sensitive to phentolamine. It appears,
therefore, that the foetal intestine contains
adrenoceptors which are sensitive to
phenylephrine and phentolamine but not
to methoxamine.
Read & Burnstock (1970) used fluor-

escence microscopy to study the adrenergic
innervation of human foetal intestine of
gestational age between 5 and 19 weeks.
Fluorescent nerves first appeared in
Auerbach's plexus at 9-10 weeks and, in
smaller numbers, in Meissner's plexus at
13 weeks. Incubation studies showed that
the intestine from an 8-week foetus could
take up noradrenaline although it did not
contain sufficient endogenous noradren-
aline for fluorescence. Tissue from the
one 8-week foetus examined in the present
study gave dose dependent relaxations to
noradrenaline suggesting, at least, that

I

N I PE PE
PR

L
I N PE I NPH

I
PE I N A

FIG. 1. Small intestine from a 20 week foetus. Responses to noradrenaline 5 x 10-9M (N'),
10-8M (N); isoprenaline, 1-3 x 1O-9M (I), 8-5 X 1O-9M (I); phenylephrine, 2x 10-7M (PE),
4x 1O-7M (PE); acetylcholine, 4x 1O-8m (A); propranolol, 10-6M (PR) and phentolamine,
7-5 x10-7M (PH).
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some adrenoceptors are present by the
time the first adrenergc fibres have
developed.
In the foetal small intestine ,8-adrenocep-

tors predominate, as reported by
McMurphy & Boreus and confirmed in
our study, and in this respect the foetal
tissue differs from that of the adult which
contains both a- and 8-adrenoceptors
(Bennett, 1965; Coupar & Turner, 1969;
Hedges & Turner, 1969). This develop-
mental difference indicates that the a- and
/8-adrenoceptors are distinct entities and
it is tempting to suggest that they are
located on separate structures within the
intestinal wall. This concept was first
proposed by Kosterlitz and Watt (1965)
who suggested that in the guinea-pig ileum
the a-adrenoceptors are associated with
nerve plexuses whilst the 83-adrenoceptors
are located on the smooth muscle.
Although there is further experimental
support for this concept the evidence does
not allow a definitive conclusion to be
drawn (Lee, 1970). If, however, this dis-
tinction is applicable to human tissue it
is not unreasonable to suggest that the
B-adrenoceptors associated with the
muscle should be functional at an earlier
stage of foetal development than the
a-adrenoceptors whose activity is depend-
ent upon the development of the nerve
plexus.

It is a pleasure to acknowledge our obliga-
tion to the staff at the Tissue Bank, Royal
Marsden Hospital. M.S.M. is in receipt of a
Colombo Plan Fellowship.

REFERENCES
BENNEmrr, A. (1965). A pharmacological investi-

gation of human isolated ileum. Nature,
Lond., 208, 1289-1291.

COUPAR, I. M. & TURNER, P. (1969). Relative
potencies of sympathetic amines in human
smooth muscle. Br. J. Pharmac., 36,
213-214P.

HART, S. L. & MIR, S. M. (1970). Effects of
drugs on human foetal intestine: a pre-
liminary investigation. J. Pharm. Pharmac.,
22, 865-867.

HEDGES, A. & TURNER, P. (1969). Beta-receptors
in human isolated smooth muscle. Br. J.
Pharmac., 37, 547-548P.

KOSTERLITZ, H. W. & WATr, A. J. (1965).
Adrenergic receptors in the guinea-pig
ileum. J. Physiol., Lond., 177, 11-12P.

LEE, C. Y. (1970). Adrenergic receptors in the
intestine. In: Smooth Muscle, ed. Bul-
bring, E., Brading, A. F., Jones, A. W. &
Tomita, T., pp. 549-557. London: Arnold.

MCMURPHY, D. M. & BOREUS, L. 0. (1968).
Pharmacology of the human foetus:
adrenergic receptor function in the small
intestine. Biol. Neonat., 13, 325-339.

READ, J. B. & BURNSTOCK, G. (1970). Develop-
ment of the adrenergic innervation and
chromaffin cells in the human fetal gut.
Develop. Biol., 22, 513-534.

(Received December 17, 1970)


