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1 Stimulation of periarterial nerves to the ileum of 1 to 12 day old rabbits with supramaximal
voltages and frequencies of 1, 2, 5, 10 and 20 Hz with square wave pulses of 2-5 ms duration
for 30-40 s produced responses that were initially contractor. In the course of the first week, the
responses changed from motor to inhibitory, the change occurring first at the highest rates of stimu-
lation. By the 7th day of life, almost all responses were inhibitory.
2 The motor responses were potentiated by physostigmine and blocked by hyoscine suggesting
that they were mediated by acetylcholine.
3 In preparations from rabbits older than 3 days, motor responses could be converted to inhibitory
ones by prior exposure to noradrenaline (NA, 1 tg/ml) for 20 min. This procedure also significantly
increased the responses which were already inhibitory.
4 The ability of the ileum to take up NA increased with age. This uptake was blocked by cocaine.
5 The following explanations are possible: (a) changeover from cholinergic to adrenergic transmis-
sion in sympathetic fibres; (b) existence of 'parasympathetic' splanchnic nerves or a permanent
cholinergic 'sympathetic' component of splanchnic nerves and (c) temporal delay in the development
of adrenergic nerves (compared with cholinergic nerves) in the intestine.

Introduction

In teleost fishes and chickens the splanchnic innerva-
tion of the intestine is motor (Young, 1936; Burn-
stock, 1958; Burn, 1968b). The motor effect is cho-
linergically mediated (Burnstock, 1958; Burn, 1968b).
In the adult rabbit, sympathetic nerve stimulation
causes relaxation of the intestine which is due to the
release of noradrenaline (NA). Burn (1968a) argued
'if it is true that there has been a change in sympathe-
tic function in the course of evolution and that the
motor effect on the intestine seen in the trout and
the chicken has become changed to an inhibitory
action in the adult rabbit then since ontogeny recapi-
tulates phylogeny, some sign of this should be seen
in the new-born rabbit'. He did indeed observe that
stimulation of sympathetic innervation of new-born
rabbit intestine elicited a motor effect which was cho-
linergic in nature, while slightly older rabbits exhi-
bited an adrenergic mediated inhibitory response
(Burn, 1968b). In the present study an attempt is
made to determine the time course of the develop-
ment of functional adrenergic innervation in the intes-

tine of the new-born rabbit. The ability of the intes-
tine to accumulate NA is also investigated.

Methods

All experiments were performed on pieces of distal
ileum obtained from albino rabbits of either sex and
of various ages.

Pharmacological experiments

Pieces of ileum (approx. 3 cm long) together with the
adjacent mesentery and the arteries running in it were
obtained from 1 to 12 day old rabbits and prepared
according to the method of Finkleman (1930). The
preparations were set up in a 35 ml organ bath con-
taining McEwen's (1956) solution of the following
composition (g/l of distilled water): NaCl 7.6, KCI
0.2, CaCl2 0.24, NaH2PO4 0.143, NaHCO3 2.0, dex-
trose 2 and sucrose 4.5. The solution was maintained
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at 35'C + l-C and bubbled with a mixture of 9500
02 and 50" CO2. The movement of the ileum was
recorded by an isotonic frontal writing lever (magnifi-
catitoiI: 8 fold and load: 300 mg) on a smoked drum.
The periarterial nerves were stimulated by a pair of
platinum ring electrodes (Burn & Rand, 1960) at
supramaximal voltages and frequencies of 1, 2, 5, 10
and 20 Hz with square wave pulses of 2.5 ms duration
for 30-40 s every 5 min. In all experiments, after con-
trol responses had been elicited at different frequen-
cies the preparations were exposed to NA (1 pg/ ml)
for 20 min, washed and re-stimulated.

Biochemical exper-imentis

The luimlcn of a piecc of ileumn (approx 2 cm in length)
WaIs Cut opcni anid wA,.lshed wvitlh clilled McEwen's solu-
tion. lt was then divided into two equal pieces which
were used for studying the accumulation of exo-
genously added NA in the presence and absence of
cocaine. One piece was incubated at 35 C in 35 ml
of McEwen's solution containing disodium edetate
(10 pg/ml) and bubbled with 950 02 and 500 CO2
for 10 min. The other piece was similarly incubated
in medium which additionally contained cocaine (3.4
pg ml). Ten min later, the cocaine-medium was re-
placed by one containing both cocaine (3.4 pg/ml)
and NA (1 pg/ml). The medium in which the other
piece was incubating was replaced by one containing
only NA (I pg, ml). After incubating for an additional
20 min, each tissue was washed three times with nor-
mal McEwen's solution and dried by gently pressing
between filter paper. Both the pieces were weighed.
The NA content of the tissue was estimated by the
method of Anton & Sayre (1962). The fluorescence
was read on a Turner Fluorometer (Model 110). The
NA content of the medium (M) at the end of the
incubation was not estimated but was derived by sub-
traction of the amount accumulated in the tissue (T)
from the total amount (35 pg) added to the medium
at the start of the experiment. The T M ratio was
used as an index of the accumulation in the tissue
of exogenously added NA. In separate experiments,
the recovery of NA added to alumina was found to
be 70%. The fluorimetric readings obtained were,
therefore, corrected for 70`0 recovery. The xvalues of
NA are expressed as pg, g of the wet weight of the
tissue.

Drugs

The following drugs were used: cocaine hydrochloride
(May & Baker): hyoscine hydrobromide (E. Merck);
(-)-noradrenaline (NA) (Rhone Poulenc) and physo-
stii,mine salicylate (E. Merck). A stock solution of N'\
ss as priepared in 0.01 N HCl conitaininig 0.0)5),) sodiuLmI
metabisulphite. Dilutions of the stock solution atnd
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Figure 1 Finkleman preparations (in McEwen's
solution) from 2 day old rabbits. Responses to per-
iarterial nerve stimulation at different frequencies are
indicated in Hz below each panel. (a) Shows control
responses. Between (a) and (b) the preparations
was exposed to physostigmine (0.1 pg/ml) for 5
min and washed. (b) Shows responses to nerve
stimulation in the presence of physostigmine.
Between (b) and (c) the preparation was exposed
to hyoscine (0.1 pg/ml) for 5 min and washed. (c)
Shows responses to nerve stimulation and (d) re-
sponses to noradrenaline (NA: 200 ng/ml, first re-
sponse and 500 ng/ml, second response) of the in-
testine from a different 2 day old rabbit. Time mark,
1 min.

solutions of other drugs were made in McEwen's
medium before the start of the experiments. Concen-
trations of NA are in terms of its base and those
of other drugs are in terms of their respective salts.

Results

Respontses of isolatedl prepara-tltions firom young r(abbits
to periairterial nerte stimulaition: modification by nror-_
adrenaline

Ileum preparations from 1 to 3 day old rabbits exhi-
bited contractor responses to nerve stimulation at all
frequencies (Figure la); 200 to 500 ng/ml of NA failed
to elicit any relaxation in preparations from 1 day
old rabbits but did so in those from 2 to 3 day old
rabbits (Figure Id). In preparations from 2 day old
rabbits, after eliciting control responses at different
frequencies, the preparations were re-stimulated in the
presence of physostigmine (0.1 pg/'ml) or hyoscine (0.1
pg/ml). Motor responses were potentiated by physo-
stigmine (Figure lb), particularly at lower frequencies
and were completely blocked by hyoscine (Figure Ic).
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Figure 2 Changes in the amount of noradrenaline (NA) accumulated by rabbit ileum with increasing
age. The ordinate scale depicts accumulation (expressed as T/M ratios) of NA (1 jig/mI) by rabbit ileum
while the abscissa scale depicts the age of the animals. (e) Control T/M ratios; (o) ratios obtained
in the presence of cocaine (3.4 jg/ml). Each point is the mean of 4 to 6 observations. Vertical lines
indicate s.e. mean.

Thus in the presence of physostigmine, the motor
responses were 275 + 12.50',. 172 + 16.20,,. 154 +
22.9", 186 + 29.1% and 134 + 22.5". (mean + s.e.
mean, In = 4) of the control responses at 1 Hz, 2 Hz,
5 Hz, 10 Hz and 20 Mz respectively.
With increasing age the responses of rabbit ileum

preparations to nerve stimulation changed from
motor to inhibitory, the change occurring first at the
highest frequencies of stimulation (10 and 20 Hz). By
the 7th day of life almost all responses were inhibitory
(Table 1). Subsequent immersion of these prep-
arations in a solution containing 1 gg/ml of NA for
20 min had one of two effects: (a) the motor responses
were converted to inhibitory responses; (b) in prep-

Table 1 Effect of exogenously added noradrenaline
of the isolated ileum preparations from young rabbits

arations with an inhibitory response, this response
was significantly increased (Table 1). In rabbits
younger than 4 days, NA eliminated responses to
nerve stimulation completely (Table 1).

Accumulation of exogenously added noradrenaline by
ileum of rabbits of various age groups

The accumulation of NA by rabbit ileum rose steadily
in the tirst 6 days (0.2 to 1.0 pg/g wet wt. tissue) but
there was a sudden increase on the 7th day (3.0 jig/g)
followed again by a steady increase till the 15th day
(3.5 gg/g). The accumulation was reduced to zero, or
thereabout in the presence of cocaine (Figure 2).

(NA) on responses to periarterial nerve stimulation

Age Groupb

2 days (6)

4 days (3)

7 days (4)

11 days (3)

C

NA
C

NA
C

NA
C

NA

1 Hz

10.0 + 4.0
0

13.0 + 6.0
0

1.0 + 3.4
0

-5.0 + 1.5
-8.1 + 1.1

2 Hz

14.3 + 5.3
0

15.3 + 4.9
-5.0 + 0.6
-5.0 + 2.8
-9.7 + 3.9
-7.2 + 2.0
11.6 + 1.3

Responsesa (mm)
5 Hz

16.6 + 5.1
0

3.3 + 9.8
-11.0 + 1.0
-14.5 + 1.4
-32.2 + 4.2c
-11.3 + 1.0
-16.0 + 1.0c

Figures in parentheses indicate the number of observations; values are mean s.e. mean.
I Lack of response is indicated by zero: inhibitory response is indicated by the minus sign preceding
it; all other responses were contractor. b Group C-controls; Group NA-preparations exposed to NA
(1 gg/ml) for 20 min. Cp < 0.05 (compared to control response at corresponding frequency).

10 Hz

21.0 + 5.1
0

-11.6 + 1.7
-18.0 + 2.1
-33.0 + 3.4
-43.2 + 5.9
-28.6 + 3.2
-35.0 + 3.5

20 Hz

26.6 + 5.8
0

-18.0 + 5.7
-20.0 + 2.7
-37.5 + 6.7
-47.0 + 6.5
-31.0 + 3.6
-40.0 + 1.5

OL
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Discussion

Stimulation of periarterial nerves to the intestine of
1 to 3 day old rabbits elicited motor responses at
all frequencies. The responses were potentiated by
physostigmine and blocked by hyoscine suggesting
mediation by acetylcholine. These findings are in
accord with those of Burn (1968b). Stimulation of the
lumbar sympathetic chain in 1 to 14 day old dogs
produces a fall in perfusion pressure in the perfused
hind leg despite the fact that the blood pressure is
very low; however, adrenaline causes a rise in per-
fusion pressure (Boatman, Shaffer, Dixon & Brody,
1965). In the present experiments, NA failed to relax
the intestine of 1 day old rabbits but did so in prep-
arations from 2 to 12 day old rabbits. Thus, it appears
that in the intestine of the young rabbit as in the
case of the hind leg of young dog, stimulation of sym-
pathetic fibres elicits cholinergic responses.

In preparations from 1 to 3 day old rabbits, prior
exposure to NA extinguished motor responses to
nerve stimulation. It is possible that nerve stimulation
subsequent to exposure to NA released both acetyl-
choline and NA in amounts just sufficient to balance
their opposing effects. That the intestinal nerves did
possess some ability to accumulate exogenously
added NA even in this period of life is amply demon-
strated by the results shown in Figure 2. The lack
of motor responses after exposure to NA might also
be explained by the interaction of NA with a-adreno-
ceptors on the periarterial nerves, resulting in a block
of the release of acetylcholine (Kosterlitz, Lydon &
Watt, 1970; Knoll & Vizi, 1971).
With increasing age, lower frequencies of stimu-

lation could elicit relaxation, and exposure to NA
converted motor responses to inhibitory ones. Poss-
ibly, the amount of noradrenaline available for release
by stimulation of the periarterial nerves of rabbit
ileum may increase with age.
The accumulation by the intestine of exogenously

added NA (1 gig/ml) was found to increase gradually
from day 1 to day 6 of life. On the 7th day, there

was a sudden increase in the ability of the intestine
to accumulate NA. The accumulation was blocked
by cocaine suggesting that it may have been neuronal
uptake (uptake1). However, uptake2 into smooth
muscle cannot be ruled out since the concentration
of NA used was high. It is possible that the neuronal
uptake and or binding mechanisms are poorly devel-
oped in the first 6 days of life. Although the T/M
ratios of less than unity obtained for 1 to 6 day old
rabbits would indicate passive diffusion of NA
(Ignarro & Shideman, 1968), the accumulation was
blocked by cocaine. This suggests that the uptake
mechanism may be developed but that the ability of
the nerves to store NA may be poor. This is corrobor-
ated by the failure of NA to convert motor responses
to inhibitory ones. The small amount of NA retained
may have been responsible for the block of the motor
responses.
The ability of the intestine from rabbits older than

7 days to accumulate NA was indicated by T/M
ratios of 3.0 and above and would suggest that the
uptake was fully developed from the 7th day onwards.
Further, the relaxant responses to periarterial nerve
stimulation were obtainable at all frequencies imply-
ing a functional adrenergic neurone, a conclusion in
accord with the full development of innervation in
the intestine of 7 day old rabbits (Burn, 1968b).
One explanation for the findings as suggested by

Burn (1968b) may be that in the first week of life
there is a change over from cholinergic to adrenergic
transmission in sympathetic fibres. Other possibilities
are (i) there are 'parasympathetic' splanchnic nerves;
(ii) the adrenergic nerves may grow into the intestine
at a later time than the cholinergic nerves with a few
adrenergic nerves present at birth; (iii) there is a per-
manant cholinergic 'sympathetic' component of the
splanchnic nerve which is eventually overshadowed
by developing adrenergic sympathetic fibres. Histo-
chemical examination of adrenergic fibres in the peri-
arterial nerves, the myenteric plexus and the nerve
fibres in the muscle coats of rabbits of different ages
may be helpful in resolving the different possibilities.

References

ANTON, A.H. & SAYRE, D.F. (1962). A study of factors
affecting the aluminium oxide trihydroxyindole pro-
cedure for the analysis of catecholamines. J. Pharmac.
exp. Ther, 138, 360-375.

BOATMAN, D.L., SHAFFER, R.A., DIXON, R.L. & BRODY
M.J. (1965). Function of vascular smooth muscle and
its sympathetic innervation in the new-born dog. J. clin.
Invest., 44, 241-246.

BURN, J.H. (1968a). Catecholamines, Pharmacology. In
Recent Advances in Pharmacology, ed. Robson, J.M. &
Stacey, R.S. p. 168. London: J. & A. Churchill Ltd.

BURN, J.H. (1968b). The development of the adrenergic
nerve fibre. Br. J. Pharmac. Chemother., 32, 575-582.

BURN, J.H. & RAND, M.J. (1960). The relation of circulating
noradrenaline to the effect of sympathetic stimulation.
J. Physiol., 150, 259-305.

BURNSTOCK, G. (1958). The effect of drugs on spontaneous
motility and on response to stimulation of the extrinsic
nerves of the gut of a teleostean-fish. Br. J. Pharmac.
Chemother., 13, 216-226.

FINKLEMAN, B. (1930). On the nature of inhibition in the
intestine. J. Physiol., 70, 145-157.



DEVELOPMENT OF ADRENERGIC INNERVATION 251

IGNARRO, L.J. & SHIDEMAN, F.E. (1968). The requirement
of sympathetic innervation for the active transport of
norepinephrine by the heart. J. Pharmac. exp. Ther.,
159, 59-65.

KNOLL, J. & VIZI, E.S. (1971). Effect of frequency of stimu-
lation on the inhibition by noradrenaline of the acetyl-
choline output from parasympathetic nerve terminals.
Br. J. Pharmac., 42, 263-273.

KOSTERLITZ, H.W., LYDON, R.J. & WATT, A.J. (1970). The
effects of adrenaline, noradrenaline and isoprenaline on
inhibitory alpha- and beta-adrenoceptors in the longi-
tudinal muscle of the guinea-pig ileum. Br. J. Pharmac.,
39, 398-413.

McEWEN, L.M. (1956). The effect on the isolated rabbit
heart of vagal stimulation and its modification by
cocaine, hexamethonium and ouabain. J. Physiol., 131,
678-689.

YOUNG. J.Z. (1936). The innervation and reactions to drugs
of the viscera of teleostean fish. Proc. R. Soc., B. 120,
303-318.

(Received February 6, 1978.
Revised April 20, 1978.)


