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ABSTRACT 

The role of supraspinal, spinal and peripheral alpha-2 

adrenoceptors in the regulation of gastrointestinal motility 

in mice was investigated using anatomically site specific 

administration of clonidine and adrenoceptor antagonists. 

Clonidine produced a dose-dependent inhibition of 

gastrointestinal transit when given by the i.e.v., i.th, or 

s.c. routes, and was most potent when given i.e.v. Yohimbine, 

an alpha-2 adrenoceptor antagonist, but not the alpha-1 

antagonist prazosin, antagonized the antitransit effects of 

clonidine. Yohimbine was most potent in antagonizing i.e.v. 

clonidine; increased doses of the i.e.v. antagonist were 

required when the agonist was given s.c. After transection of 

the spinal cord, i.th. clonidine failed to produce an 

antitransit effect. Additionally, the i.e.v. potency of 

clonidine decreased approximately 7-fold in spinal ly-transected 

mice. The data suggest that the antitransit effects of 

clonidine occur through actions at alpha-2 adrenoceptors 

located at both supraspinal and peripheral sites. 
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CHAPTER 1 

INTRODUCTION 

The physiological function of the gastrointestinal 

system can be summarized as absorption and secretion of fluids 

and electrolytes, and digestion and excretion of food and 

waste. This system supplies water, electrolytes, vitamins, and 

nutrients to the body. Gastrointestinal motility plays an 

important role in maintaining the functions of the digestive 

system. Motor functions of the gut serve to produce movement 

of all ingested food and fluid in order to allow absorption 

of fluid and substances which are needed by the body. 

Additionally, motility is important in the discharge of 

unabsorbed digesta, transforming solid food into a soluble, 

absorbable form by mixing of the digestive juices which are 

secreted by the stomach, intestine, liver, and pancreas, and 

mixing the digestive juices with food in order to increase 

efficiency of absorption. All gastrointestinal motor functions 

are achieved as a result of co-ordinated contraction and 

relaxation of smooth muscle. The smooth muscle of the 

gastrointestinal tract is universally capable of myogenic 

electrical and mechanical activity (Daniel et al., 1960). It 

initiates its own, usually rhythmical, excitation. Neural 
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activity, the gastrointestinal hormones and other endogenous 

chemical substances often modify the excitability of the 

smooth muscle, although the primary exciting event is usually 

generated by the muscle itself (Daniel 1973). 

Small intestinal motility 

The small intestine has a characteristic pattern of 

motor activity both in terms of rhythm and cycle. Small 

intestinal smooth muscle is excitable tissue, and is not only 

controlled by neural and hormonal components, but is also 

responsive to mechanical stimulation. The electrical 

properties of intestinal smooth muscle show two basic types 

of waves, slow waves and spikes (Szurszewski, 1987). All 

rhythmic and cyclic motility changes depend upon changes in 

smooth muscle membrane potential. Altering the membrane 

potential can result in either contraction or relaxation 

(Christensen, 1971). Regulation of gastrointestinal motility 

results from varying degrees of myogenic, neural and hormonal 

influence. All these regulatory factors primarily act at the 

level of the smooth muscle cell membrane. The primary change 

in the smooth muscle membrane regulated by these factors is 

the permeability of the membrane to one or several kinds of 

ions such as calcium and sodium. The concentration change of 

these ions between the inside and outside of the cell alters 

the membrane potential, resulting in changes in susceptibility 
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to depolarization. The excitatory effects usually decrease 

membrane potential, increase the frequency of the action 

potential and the magnitude of slower membrane potential 

oscillation (Davenport, 1982). 

Neural control 

The gut is innervated by both divisions of the autonomic 

nervous system. Figure 1 shows both the central and autonomic 

nervous innervation of gut. Gastrointestinal motility is 

primarily controlled by the parasympathetic and sympathetic 

nerves, with the parasympathetic innervation acting as the 

most important factor in regulating motility. The 

parasympathetic motor nerves increase intestinal movements and 

relax the gastrointestinal sphincters (Code et al., 1968). 

Most parasympathetic preganglionic outflow goes through the 

vagus nerve and affects most parts of the gastrointestinal 

tract. Gastrointestinal motility is also regulated by the 

intrinsic excitability characteristics of its smooth muscles 

cells, as well as by the sympathetic nervous system and the 

gastrointestinal hormones (Onyang, 1981). 

Intrinsic nervous control (the enteric nervous system) 

In the early part of 1921, Langley identified a network 

of nerves within the wall of gastrointestinal tract. He termed 

these nerves the intrinsic, or enteric, nervous system, and 
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realized their importance in the control of gastrointestinal 

function. The intramural ganglia and nerve fibers are major 

anatomic parts of this intrinsic nervous system. These ganglia 

and nerve fibers form the intramural plexus, containing 

complete functional units for regulation of intestinal 

function. Two intramural ganglionated plexuses are found, the 

submucosal or Meissner's plexus located in the submucosa, and 

the myenteric or Auerbach's plexus located between the 

longitudinal and circular muscle layers (Wood, 1981) (shown 

in Fig 2) . Additionally, the intrinsic nervous system receives 

multiple signals from the central nervous system by way of the 

parasympathetic and sympathetic nerves. The intrinsic nerves 

are not, however, just a relay station but an independent 

integrative system with structural and functional properties 

analogous to the central nervous system. The enteric neurones 

have three major functions in the intestinal tract: (1) they 

innervate intestinal smooth muscle, the epithelial cells and 

the smooth muscle to control intestinal contraction, secretion 

and absorption; (2) they relay sensory information from nerve 

endings in the muscle and mucosa to the ganglia and/or to the 

autonomic nervous system; and (3) they transmit information 

between the ganglia and/or within a ganglion via nerve 

synapses. 
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Extrinsic neural control 

The small intestine is extrinsically innervated by 

both sympathetic and parasympathetic divisions of the 

autonomic nervous system (Gaskell, 1916; Kuntz, 1953). In 

general, increasing activation of the parasympathetic nerves 

enhances intestinal transit, and increasing activation of 

the sympathetic nerves inhibits intestinal transit (Guyton, 

1974) . 

The parasympathetic output innervating the intestine is 

generally divided into two major divisions, cranial and sacral 

divisions (Appenzeller, 1976). Only a few parasympathetic 

fibers innervate the colon from the pelvic nerves (Costa et 

al., 1973) . Most parasympathetic outflow goes to the intestine 

through the vagus nerve. The vagus fibers originate from 

neurones in the dorsal motor nucleus of the vagus located in 

the medulla. The vagus nerve controls most of the 

gastrointestinal tract including the lower esophagus, stomach, 

small intestine, gallbladder, and approximately the first half 

of the large intestine (Daniel, 1973). The vagus nerve 

contains mainly afferent, as well as efferent, fibers which 

function to receive information from the intestine, and to 

control intestinal motility, respectively. Preganglionic 

parasympathetic fibers make synapses with intrinsic neurons, 

releasing acetylcholine as their neurotransmitter. 
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Sympathetic innervation of the small intestine is 

divided into two parts, preganglionic and postganglionic 

(Brooks et al., 1979). The preganglionic neurons are located 

in the mediolateral gray matter of the spinal cord, and 

release acetylcholine at their endings. The postganglionic 

neurons are adrenergic neurons located in the peripheral 

ganglia, in the paravertebral ganglia of the sympathetic chain 

or in the several prevertebral ganglia (celiac, superior and 

inferior mesenteric ganglia). The sympathetic fibers to the 

intestine are postganglionic, adrenergic fibers which release 

norepinephrine. Most of the sympathetic fibers terminate in 

the submucosal and myenteric plexus in the intestine. The 

small intestine is mainly innervated by preganglionic axons 

which arise from the T-9 to T-10 spinal roots. These 

preganglionic fibers go through in the splanchnic nerves to 

the intestine and fibers synapse in celiac and superior 

mesenteric ganglia (Christensen et al., 1983). 

Central nervous system control 

The central nervous system has been identified as a site 

in the regulation of gastrointestinal function (Burks 1978). 

A variety of neurotransmitters and neuropeptides, such as 

opioid peptides (Porreca and Burks, 1983) and bombesin (Koslo 

et al., 1986) have been studied regarding their effect in 

regulating intestinal motility following central 
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administration. Intestinal effects of alpha-2 agonists in the 

central nervous system have also received attention. 

Intracerebroventricular administration of alpha agonists have 

been found to produce an inhibitory effect on intestinal 

transit in the rat. This antitransit effect is blocked by 

alpha-2, but not by alpha-1 antagonists (Galligan and Burks, 

1983). 

Unfortunately, the precise mechanism by which the 

central nervous system modulates intestinal function is still 

unclear. All emerging information about these mechanisms 

depend upon experiments in which a brain area is stimulated 

or inhibited thus changing the activity of the gut. In 

addition to changes in gut function, changes also occur in 

other organs such as in the urinary bladder, uterus, and the 

cardiovascular system (Rostad, 1973, 1982; Thomas et al., 

1968; Jiang et al, 1987). For example, stimulating the 

anterior cingulate gyrus inhibits the motility of 

gastrointestinal organs such as the stomach and colon, as well 

as causing inhibitory motility effects in other systems such 

as the urinary bladder and the uterus (Rostad 1982). 

Additionally, stimulating a specific brain area can initiate 

totally opposite effects in different parts of the gut. For 

example, both inhibitory effects on gastric motility and 

stimulating effects in small intestinal transit are observed 

when the anterior sigmoid gyrus is electrically stimulated 
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(Eliasson, 1952; Rostad, 1973). Finally, not only can the 

central nervous system modify intestinal motility but 

activation of afferents from the gastrointestinal tract can 

also modify neuronal activity in the brain (Kukorelli et al., 

1976; Learmonth et al., 1930; Barber and Burks, 1987). 

Transmitters and modulators 

Transmission of information between neurons, or between 

neurons and effector cells, depends upon the release of a 

variety of chemical messengers at the synapses of central or 

autonomic nervous systems (Bolton, 1979). Neurotransmitters 

are released by presynaptic nerves and cross the synaptic 

space to bind on the postsynaptic receptors. They cause 

electrophysiological changes in the postsynaptic cell membrane 

to increase or decrease excitability of the postsynaptic cell. 

These chemicals can also act on presynaptic receptors to 

regulate the amount of neurotransmitter release (Christenson, 

1983). Among the large numbers of neurotransmitters and 

neuromodulators which are distributed in the autonomic and 

enteric nervous systems, are the two classical compounds, 

acetylcholine and norepinephrine. The release of 

norepinephrine in the small intestine was first directly 

demonstrated by Finkleman (1930). Norepinephrine inhibits 

contraction of the small intestine. 
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Alpha-adrenoceptors and small intestinal motility 

In early 1878, Langley found some specific cellular 

locations which could be excited by certain chemicals, 

resulting in the concept of specific receptors. Receptors are 

cellular molecules at which neurotransmitters, hormones, 

autacoids and drugs can initiate or modify cellular responses. 

It is now well established that adrenoceptors are classified 

into two types, alpha- and beta-receptors (Ahlquist, 1948). 

Alpha-adrenoceptors are subdivided into two subtypes, alpha-

1 usually located on the postsynaptic effector cell and alpha-

2 receptors which are generally located on the presynaptic 

cell membrane (Berthelsen and Pettinger, 1977). Adrenergic 

receptors are located on various organs such as the heart, 

bronchus, vascular smooth muscle, and other smooth muscle. 

A lot of evidence, including histochemical and 

electromicroscopic studies, demonstrate that adrenoceptors 

are widely distributed in both the smooth muscle of the small 

intestine and in the nerve cells (Gabella, 1972). It is found 

that both alpha- and beta-adrenoceptors can alter intestinal 

smooth muscle motility. In general, both subtypes of 

adrenoceptors produce inhibition of intestinal smooth muscle. 

However, activation of some alpha-adrenoceptors causes smooth 

muscle contraction, especially in the sphincters. Although 

beta-adrenoceptors are found in intestinal smooth muscle, they 
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appear less important in controlling intestinal movement. 

This may be because alpha receptors are found not only on 

smooth muscle, but also on nerves modifying the release of 

neurotransmitters such as acetylcholine (Paton et al.f 1969; 

Osumi et al., 1977, 1981; Nakadate et al., 1982). Both alpha-

1 and beta adrenoceptors are found in the intestinal smooth 

muscle of many mammalian species (Ahlquist et al., 1959; 

Furchgott 1960; Bucknell et al., 1964; Andersson et al., 1969; 

Bowman et al., 1970). 

Although alpha-adrenoceptors are found on intestinal 

smooth muscle, under physiological conditions, most 

sympathetic fibers (adrenergic) innervate the intrinsic 

neurons, while only a very few adrenergic fibers directly 

innervate the muscle. Thus, while the primary physiological 

regulation of intestinal contraction is not normally 

controlled by alpha-adrenoceptors on the smooth muscle, 

activation of these alpha-adrenoceptors can produce inhibitory 

effects on the gut. Additionally, most extrinsic fibers 

(sympathetic) innervate other nerves, allowing further 

sympathetic control of intestinal motility through the nervous 

elements (Fig 3). 

Acetylcholine is an excitatory neurotransmitter in the 

intestine and its release depolarizes membranes and increases 

smooth muscle contraction. Increasing sympathetic activity has 
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been found to inhibit acetylcholine release in Auerbach's 

plexus (Vizi 1968, Paton and Vizi, 1969). Decreasing the 

acetylcholine output by any component can inhibit both the 

electrical and mechanical activity of the gut. The inhibition 

of acetylcholine release is mediated by alpha-adrenoceptors. 

This phenomenon was first reported by McDougal and West (1954) 

who found that alpha adrenergic blockers antagonize the 

effects of catecholamines on the peristaltic reflex in the 

guinea-pig ileum. Recent studies demonstrate the involvement 

of alpha-2 adrenoceptors. 

The involvement of alpha-2 adrenoceptors in modulating 

intestinal motility has been investigated using 

pharmacological experiments both in vivo and in vitro in many 

species (Kosterlitz, 1970; Wikberg et al, 1977; Andrejak et 

al., 1980; Broakley et al., 1985). In studies in vivo, 

clonidine, an alpha-adrenoceptor agonist, delays small 

intestinal transit following subcutaneous administration in 

rats; this antitransit effect of clonidine can be antagonized 

by alpha-2, but not by alpha-1 antagonists (Ruwart et al., 

1980) . In studies in vitro, it has been shown that alpha-2 

receptors inhibit acetylcholine release in the guinea pig 

small intestine (Wikberg 1978). 

Aims of present; studies 

Although alpha agonists can alter intestinal motility 
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after central or peripheral administration, the anatomical 

site of action responsible (brain, spinal cord, and/or gut) 

is still unclear. The hypothesis of this investigation is that 

alpha-2 adrenoceptors located within the central nervous 

system can be specifically activated by clonidine to alter 

intestinal motility. Clonidine, an alpha-2 agonist, is a 

common drug in the treatment hypertension. The present 

approach was to determine the effects of centrally- and 

peripherally-administered clonidine on gastrointestinal 

transit in the mouse, and to characterize the anatomical site 

(brain, spinal cord, and/or gut) where this agonist acts to 

influence propulsion. These possible sites of clonidine action 

were determined by administering alpha-adrenoceptor 

antagonists at specific central and peripheral sites 

concurrently with the agonist, in order to support or refute 

the possibility of involvement of central alpha-2 receptors 

in the regulation of intestinal motility. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1. Animals 

Male, ICR mice (20-30 g, Harlan Sprague-Dawley) were 

used in all experiments. Animals were kept in groups of five 

per cage in a temperature-controlled room with a timer-

regulated light-dark cycle (lights on from 7:00 a.m. to 7:00 

p.m.). The mice were allowed food and water ad libitum, except 

for the 16 to 18 hr period immediately prior to the 

experiments, during which time only water was continuously 

available. 

2.2. Gastrointestinal transit (GIT) 

Gastrointestinal transit was evaluated using the method 

of Porreca and Burks (1983) . At the time of testing, each 

mouse received an oral injection of a nonabsorbable 

radiolabelled marker which is 51Cr as sodium chromate (0.5uCi, 

0.2ml/mouse) concurrently with compounds given 

intracerebroventricularly (i.c.v.), intrathecally (i.th.) or 

20 min after subcutaneous (s.c.) administration of agonist. 

The mice were killed by cervical dislocation 35 min after the 

oral marker. The stomach and small intestine were carefully 

removed from the abdominal cavity. These organs were then 



placed ori a ruled template and the Intestine was divided into 

10 equal portions. The stomach and each of the 10 intestinal 

segments were consecutively placed into individual glass tubes 

and the radioactivity present in each tube was determined by 

counting for 1 min using a gamma counter. Transit along the 

intestine was calculated for each mouse using the geometric 

center (GC) method (Miller et al, 1981), in which values range 

from a minimum of 1.0 to a maximum of 10.0. The minimal GC 

value of 1.0 means that all radioactivity is present in the 

first intestinal segment and indicates complete inhibition of 

transit. The maximal GC value of 10.0 indicates complete 

transit of the marker to the most distal intestinal segment. 

The GC of the distribution of radiochromium within the 

intestine is actually the center of gravity of the 

distribution of marker. The geometric center is calculated 

according to the following formula: 

Geometric center = 2 (fraction of total intestinal 

radioactivity per segment x segment number). 

In order to calculate the A50 (dosage of drug producing 

a 50% effect) the data were transformed to percent inhibition 

relative to the GC of the control group. Percent inhibition 

of gastrointestinal transit was obtained by comparing GC value 

of each test mouse to the mean GC value of the saline-treated 

control group according to the following formula: 



24 

% inhibition of gastrointestinal transit = 100 x (test GC -

mean control GC) / (1.0 - mean control GC) 

2.3. Injection techniques 

Introcerebroventricular administration (i.e.v.) of drug 

was made using a modification of the method of Haley and 

McCormick (1957). The procedure involved cutting the scalp of 

mice lightly anesthetized with ether, locating bregma and 

injecting at a site 2 mm caudal and 2 mm lateral this point, 

at a depth of 3 mm. The needle was inserted perpendicularly 

through the skull into the brain. A constant 5 ul volume was 

injected using a Hamilton microliter syringe fitted with a 3/8 

inch, 26 gauge needle. 

Compounds were administered by intrathecal injection 

(i.th.) according to the method of Hylden and Wilcox (1980). 

All intrathecal injections were performed with disposable 30 

gauge 1/2-inch needles mated to a 5 ul syringe (Hamilton, 

Reno, NV). The solution was injected in a volume of 5 ul. The 

conscious mouse was held firmly by the pelvic girdle in one 

hand, while the syringe was held in the other hand. The site 

of injection was chosen to be between L5 and L6 near where 

the spinal cord ends and the cauda equina begins (Sidman et 

al., 1971). This site represents a compromise to maximize 

intervertebral accessibility and to minimize the possibility 

of spinal damage. Subcutaneous injections were made under the 
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skin of the midscapular region. 

Drugs were administered intravenously into the tail vein 

following brief immersion of the tail in warm water to dilate 

the blood vessels. Compounds were given in a volume of 0.2 ml 

to unanesthetized mice using a 1 ml syringe with a 26 gauage 

needle. 

2.4. Spinal transection 

In order to separate both neural and cerebrospinal fluid 

(CSF) communication between the brain and the spinal cord, 

groups of ether-anesthetized mice had their spinal cords 

transected just caudal to the second thoracic vertebrae (T2) 

using sharp surgical scissors. Testing took place after 4 hr. 

Total paralysis and loss of sensation in the hind limbs was 

evaluated and used as the criterion for successful cordotomy. 

Only mice that displayed paralysis and loss of sensation were 

studied. 

2.5. Chemicals 

The following drugs were used: clonidine HCL (Boehringer 

Ingelheim Laboratories), prazosin HCL (Pfizer laboratories), 

and yohimbine HCL (Sigma Chemical Co.). Compounds were 

dissolved in distilled water prior to use. Solutions were 

stored frozen without loss of pharmacological activity. Sodium 

chromate came from New England Neuclear. 
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2.6. Statistics 

Dose-response lines, Aso values and 95% confidence limits 

were determined with each individual data point using the 

compiler program described by Tallarida and Murray (1986). 

All data points shown on the figures are means of 5-20 mice 

and -the error bars represents the S. E. Potency comparisons are 

made using the Aso values. 
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CHAPTER 3 

RESULTS 

3.1. Gastrointestinal effect of clonidine 

Clonidine produced a dose-dependent inhibition of 

gastrointestinal transit after administration by central 

(supraspinal or spinal) or peripheral routes. The dose-

response curves of clonidine given i.e.v., i.th. and s.c. are 

shown in Fig 4. The effects of clonidine reached a maximal 

inhibition of 80%-95%, with the compound showing the same 

efficacy by all routes. The potency of clonidine by the three 

routes was significantly different. Central administration of 

clonidine was more potent in slowing transit than when the 

drug was given peripherally. I.e.v. clonidine was the most 

potent, being 2-fold more potent than when given i.th. and 7-

fold more potent than when given s.c. The A50 values were 0.34 

(0.23 - 0.49), 0.68 (0.53 - 0.9), and 2.36 (2.03 - 2.78) nmol 

for the i.e.v., i.th., and s.c. routes, respectively. Co

administration of clonidine by the i.e.v. and i.th. routes was 

found to result in an increase in potency compared to the 

potency of the drug given by either the i.e.v. or i.th. route 

alone. The Aso value for concurrent i.e.v. and i.th. clonidine 

administration was 0.15 (0.11 -0.3) nmol, suggesting that 
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Figure 4. Inhibition of small intestinal transit in the 
mouse by central- i.c.v. [o], i.th. [#], or i.c.v. + i.th. 
[•] and peripheral- s.c. [A] administration clonidine. Data 
points are the mean ± SEH from 6 to 20 animals. 
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co-administration ofthe drug produced additive, rather than 

potentiated, effects. 

3.2. Effects of alpha-adrenoceptor antagonists 

To determine whether the inhibition of gastrointestinal 

transit caused by clonidine was due to stimulation of alpha-

1 or alpha-2 adrenergic receptors, prazosin and yohimbine, 

alpha-1 and alpha-2 antagonists, respectively, were used to 

block the effect of clonidine. 

3.2.1. Antagonism by prazosin 

Prazosin, a selective alpha-1 adrenoceptor antagonist, 

did not affect gastrointestinal transit alone when given 

i.e.v., i.th., or s.c. at doses rangings from 2.61 to 47.07 

nmol (Fig 5). Prazosin also failed to antagonize clonidine 

effects on gastrointestinal propulsion when both compounds 

were given by the i.c.v., i.th., or s.c. routes (shown in 

Figs 6,7,8). 

3.2.2. Antagonism by yohimbine 

Yohimbine, a selective alpha-2 adrenergic receptor 

antagonist, like prazosin, did not affect gastrointestinal 

transit when given alone by the i.e.v., i.th., s.c., or i.v. 

routes up to doses of 46.05 nmol (Fig 9). 

I.c.v. clonidine (1.13 nmol) produced a 80% inhibition 
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Figure 5. Prazosin alone does not affect small intestinal 
transit by i.c.v., i.th., or s.c. administration. Data are 
expressed as the mean + SEM (N = 6-10 per group) . 



31 

C£ Id 
h-z 
Ld O 
U q: 
t! 2 O u o 

3.7 ODMCHMC 
78.45 PRAZOSIN 

DOSE (nmol, s.c.) 

</) 

+ 
cr 
UJ 
•— z UJ o 
o 
cr 
2 O UJ o 

CONTROL 5.7 5.7 5.7 
2.8 7.84 

DOSE (nmol) 

3.7 
26.19 

ClOMMNC S.C. 
PRAZOSIN LC.V. 

4 • 

Ld 
c/i 
+ 
tc 
UJ 
I-z 
BJ O 
0 3 CC 
ti 
1 2 UJ (3 

CONTROL 5.7 5.7 
2.6 

5.7 
7.84 

S.7 S.C. 
24.1 S PRAZOSIN LTH. 

DOSE (nmol) 

Figure 6. Lack of antagonism of s.c. clonidine transit effects 
by i.e.v., i.th. or s.c. prazosin. Data are expressed as the 
mean + SEM from 6-10 animals. 
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Figure 9. Yohimbine alone does not affect small intestinal 
transit by i.c.v., i.th., or s.c. administration. Data are 
expressed as the mean ± SEM (N = 6-10 per group). 
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of gastrointestinal transit, and this effect could be blocked 

by i.e.v., i.th., s.c. or i.v. yohimbine (Fig 10). The potency 

of i.c.v. or i.th. yohimbine against i.e.v. clonidine was 

almost equal while that of i.v. yohimbine was 26 times less 

potent than when the antagonist was given i.c.v. Similarly, 

s.c. administration of yohimbine was about 47 times less 

potent against i.c.v. clonidine than when the antagonist was 

given i.c.v. or i.th. The antagonist A50 values were 0.26 (0.15 

- 0.46), 0.2 (0.05 - 0.77), 6.6 (4.9 - 8.9), and 12 (10 -

14.8) nmol for i.c.v., i.th., i.v. and s.c. yohimbine against 

i.c.v. clonidine, respectively. 

Intrathecal administration of clonidine (2.3 nmol) 

produced approximately a 70% maximal inhibition of GIT. The 

antitransit effects of i.th. clonidine were also blocked in 

a dose-dependent manner by i.c.v., i.th. and s.c. yohimbine 

(Fig 11) . The A50 values for yohimbine against i.th. clonidine 

were 6.91 (6.4 - 7.7) nmol for either the i.c.v. or i.th. 

routes, and 12.02 (10 - 14.8) nmol for the s.c. route. 

The antitransit effect of s.c. clonidine (5.7 nmol) was 

also antagonized by i.c.v., i.th., or s.c. yohimbine (Fig 12). 

When the agonist was given by this route, central 

administration of yohimbine was still the most effective. The 

D50 values were 7.2 (5.9 - 8.7), 8.12 (5.9 - 11), 10.48 (7.7 -

14.1), and 31.2 (27.6 - 35.3) nmol for i.th., i.c.v., s.c. 
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Figure 11. Antagonism of i.th. clonidine by i.c.v.[o], i.th. 
[•], or s.c. [A] t yohimbine. Data points are the mean + SEM 
from 6 to 10 animals. 
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Figure 12. Antagonism of s.c. clonidine by i.c.v. [o] * i.th. 
[«], s.c. [A], or i.v. [A] yohimbine. Data points are the 
mean + SEM from 6 to 10 animals. 
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and i.v. yohimbine, respectively. 

3.4. Studies following spinal cord transection 

Gastrointestinal transit was reduced in mice that 

underwent spinal cord transection at the level of the second 

thoracic vertebra, compared to control mice. The GC for 

control mice was 5.32 + 0.15, a value which was significantly 

reduced to 3.54 + 0.28 in spinally-transected mice. The 

reduction in GC in spinally-transected mice was not 

significantly different when evaluated either 4 or 24 hr after 

surgery (Fig 13) . Therefore, all studies in mice with 

transected spinal cords were done 4 hr after surgery. I.e.v. 

and s.c. clonidine still delayed transit and reached a 70-80% 

maximal inhibition of GIT. Larger doses were required in 

spinally-transected, compared with normal mice. The A50 values 

were 1.9 (1.5-2.6) nmol for both the i.e.v. and s.c. routes. 

In contrast, i.th. clonidine failed to change gastrointestinal 

transit up to 3.8 nmol, a dose which produced about 85% 

inhibition in control mice (Fig 14). 

I.e.v. yohimbine still antagonized i.e.v. or s.c. 

clonidine in spinally transected mice. The antagonist A50 value 

for i.e.v. yohimbine in these mice was 5.1 (3.6 - 7.4) nmol 

when tested against i.e.v. clonidine. When tested against s.c. 

clonidine, the i.e.v. yohimbine Aso value was 8.7 (4.9 - 16.9 

) nmol. Interestingly, i.th yohimbine had no effect against 
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the gut effects of i.e.v. or s.c. clonidine up to a dose of 

38 nxnol; this yohimbine dose blocked the inhibitory gut 

effects of clonidine from 80% to 20% in control mice (Fig 15) . 
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Figure 13. Time course of gastrointestinal transit after T2 
spinal transection. Data points are the mean + SEM from 6-10 
animals. 
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CHAPTER 4 

DISCUSSION 

Clonidine has been reported to produce various 

gastrointestinal effects including inhibition of salivary 

(Green et al., 1979; Hoefke, 1980), gastric and intestinal 

secretion (Boissier et al., 1968; Walz and Van Zwieten, 1970; 

Brodie et al., 1970; Pascaud and Roger, 1976; Cheng et al., 

1981; Del Tacca et al., 1982). It has also been established 

that clonidine changes gastrointestinal motility. In prior 

studies, clonidine delayed small intestinal motility in the 

rat when administered peripherally (Ruwart et al., 1979); 

these results suggested the existence of an alpha-adrenergic 

receptor, possibly presynaptic, regulating small bowel 

propulsion in the rat. In addition to possible peripheral gut 

effects, the central nervous system has also been shown to be 

an important target site for drugs regulating gastrointestinal 

function (Burks, 1978). Clonidine has also been reported to 

inhibit gastrointestinal propulsion when given i.e.v. to rats 

(Galligan and Burks, 1983). 

The present findings show that clonidine causes a delay 

of gastrointestinal propulsion in mice when given by either 

central or peripheral routes. Our results indicate that 
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clonidine is most potent in inhibiting gastrointestinal 

transit when administered centrally. I.e.v. and i.th. 

administration of clonidine was 7- and 3.5-fold, respectively, 

more potent than s.c. administration. The greater potency of 

clonidine after central administration implies that clonidine 

may act within the central nervous system. In addition to 

peripheral adrenergic receptors, central adrenergic receptors 

thus appear to be involved in the control of intestinal 

motility. 

Centrally-administered clonidine may inhibit intestinal 

motility through a direct stimulation of central alpha-

adrenergic receptors. It has already been reported that the 

inhibitory effect by clonidine on pancreatic secretion in rats 

is mediated within the central nervous system (Roze et al., 

1981). It also has been suggested that clonidine may inhibit 

intestinal transit by an action in the central nervous system 

in rats (Galligan and Burks, 1983). However, as clonidine is 

a highly lipophilic compound, it can easily cross the blood 

brain barrier. Thus, the inhibitory actions on intestinal 

transit of clonidine may not be mediated within the central 

nervous system, but possibly at peripheral sites. In contrast, 

bombesin, a neuropeptide, has been shown to have a greater 

than 3000-fold increase in potency when given centrally than 

when given peripherally (Koslo, Burks and Porreca, 1986). It 

has, therefore, been suggested that the central nervous system 
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is a primary site for bombesin effects on intestinal transit. 

To determine which subtype of alpha-adrenoceptor was 

involved in mediation of clonidine's antitransit effect, and 

to find the anatomical site of this gut effect, this study 

used site-specific administration of selective alpha-

adrenoceptor antagonists. The pharmacological analysis using 

alpha-1 and alpha-2 antagonists indicates a major involvement 

of the alpha-2 subtype in the effects of clonidine on 

intestinal transit. The antagonists did not, by themselves, 

affect intestinal transit. Yohimbine is known to act 

preferentially as an alpha-2 adrenoceptor blocking agent 

(Goldberg and Robertson, 1983). The antitransit effects of 

i.e.v., i.th. or s.c. given clonidine were antagonized by 

yohimbine given concurrently by the same route. Although all 

routes of administration of yohimbine totally blocked 

clonidine gut effects, the potency of the antagonist varied 

with the site of administration. In contrast, prazosin 

(Cambridge et al., 1977; Doxey et al., 1977) did not 

antagonize clonidine's gut effects by any route. The 

effectiveness of yohimbine, and the failure of prazosin, to 

block clonidine's antitransit effects is good evidence of an 

alpha-2 adrenoceptor mediated action of this agonist on 

intestinal transit. 
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In order to determine the anatomical location 

(peripheral or central nervous system) where clonidine 

initiates its effects on intestinal transit, site-specific 

administration of yohimbine was examined. I.e.v. or i.th. 

yohimbine was equally effective in antagonizing i.e.v. 

clonidine. Similarly, i.e.v. or i.th. yohimbine was 

equieffective in blocking i.th. clonidine's antitransit 

effect. A comparison of the potency of peripheral yohimbine 

against i.e.v. clonidine, shows that almost 26- and 47-fold 

higher doses of the antagonist are needed when given i.v. and 

s.c., respectively, compared to the i.e.v. route. In blocking 

i.th. clonidine gut effects, s.c. yohimbine was 2-fold less 

potent than i.e.v. and i.th. yohimbine. These antagonism 

studies suggest that clonidine acts on alpha-2 adrenoceptors 

within the central nervous system in regulating intestinal 

motility. Combined with the higher potency of central vs. 

peripheral clonidine, both the agonist and antagonist studies 

support a central site of action, either in the brain or 

spinal cord. 

Attempts were thus made to determine which general 

central nervous system sites, brain or spinal cord or both, 

clonidine was activating to affect the gut. Quaternary 

derivatives of clonidine are available, and some of these 

compounds are less lipid soluble, not readily crossing the 

blood brain barrier (Scriabine et al., 1977). St 91 is such 
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a quaternary alpha-2 adrenoceptor agonist which might have 

been useful in determining the central sites of clonidine 

effects on the intestine. Unfortunately, the pharmacological 

profiles of St 91 and clonidine are quite different, although 

both compounds could produce similar gastrointestinal effects 

such as inhibiting gastric acid secretion in the rat (Pascaud 

et al., 1981), and inhibiting motility when given i.e.v. in 

the dog (Deponti et al., 1987). These clonidine effects can 

be antagonized by yohimbine. However, the same 

gastrointestinal effects of St 91 are neither blocked by 

yohimbine in the rat nor antagonized by idazoan, another 

alpha-2 adrenoceptor antagonist, in the dog (Deponti et al., 

1987). On the contrary, yohimbine actually potentiated the 

inhibitory effect of St 91 on gastric acid secretion (Pascaud 

et al., 1981). 

A comparison of the potency of clonidine after i.th. 

and i.c.v. administration shows that the compound is only 2-

fold more potent by the supraspinal route. Thus, the 

possibility of redistribution of clonidine between brain and 

spinal locations seems likely, probably by way of the 

cerebrospinal fluid. Alternatively, communication between 

brain and spinal cord sites is also possible by activation of 

ascending or descending neural pathways. In order to isolate 

possible sites of clonidine action in the spinal cord, or in 

the brain, the technique of the spinal-transection at the 



49 

thoracic level was used. Following cordotomy, communication 

between the brain and the spinal cord is interrupted including 

both neural and cerebrospinal fluid pathways. In spinally-

transected mice, i.e.v. clonidine remained fully efficacious, 

although the potency of this compound was approximately 7-fold 

less than in control mice when given by the same i.e.v. route. 

In contrast, i.th. clonidine failed to inhibit intestinal 

transit in mice with spinal transection. Similarly, in 

antagonism studies in spinally-transected mice, i.th. 

yohimbine did not affect i.e.v. clonidine's antitransit 

effect. These data strongly support the concept of that a 

supraspinal alpha-2 adrenoceptor is involved in the inhibitory 

effect of clonidine on gut motor function. Clonidine thus 

appears to alter intestinal transit by acting directly in the 

brain and activating a descending outflow pathway. 

The antitransit effects of i.th clonidine may be due to 

a redistribution of drug to supraspinal sites via the 

cerebrospinal fluid or alternatively by the activation of 

ascending neural pathways to the brain. Clonidine cannot reach 

the brain from the spinal cord via the cerebrospinal fluid 

after spinal-transection. By blocking this redistribution 

pathway, i.th. yohimbine lost its ability to antagonize i.e.v. 

clonidine. Some compounds, like mu opioid agonists, when given 

i.th. to spinally-transected mice remain fully efficacious in 

modulating gut motility (Porreca and Burks, 1983), 
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illustrating that direct outflow pathways can. be activated 

within the spinal cord to affect the small intestine. The 

spinal cord is, therefore, an independent site where drugs can 

act to affect the gut. 

In spite of the fact that i.e. v. clonidine still 

produced a dose-dependent inhibition of transit in spinally-

transected mice and was fully efficacious, the potency was 

dramatically decreased in the these animals. The decrease in 

potency may suggest that the neural pathway from the brain to 

the gut may include sympathetic neurons in the spinal cord 

which are no longer accessible after spinal transection. 

However, the outflow from the brain probably also involves 

parasympathetic pathways since i.e.v. clonidine only lost 

potency, but remained efficacious. As i.e.v. and s.c. 

clonidine are equally potent in spinally-transected mice, this 

agonist may also exit the central compartment and act in the 

periphery. The question of whether i.e.v. clonidine alters gut 

function by activating parasympathetic outflow pathways or by 

an action at peripheral sites in spinally-transected mice is 

still unclear. 

It should also be noted that our results show that 

peripheral alpha-2 adrenoceptors are probably stimulated by 

clonidine to regulate gastrointestinal transit. S.c. 

administration of clonidine produces the same inhibitory 
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effect on intestinal transit, although less potent than 

following central administration. In addition, administration 

of s.c. yohimbine totally blocks s.c. clonidine's antitransit 

effect. Stronger evidence for involving a peripheral action 

is found in the studies with spinally-transected mice. S.c. 

clonidine was equally potent in control and in spinally-

transected mice. If the only site of clonidine action were at 

alpha-2 adrenoceptors in the brain, then the s.c. dose-

response curve would also be expected to be shifted to the 

right in spinally-transected animals. These data thus suggest 

that clonidine also acts at peripheral sites to regulate gut 

transit. Additionally, it should be noted that i.e.v. 

yohimbine is less potent in blocking s.c., compared with 

i.e.v., clonidine. I.e.v. yohimbine is also less potent in 

blocking i.e.v. clonidine in mice with T2 spinal transection 

than in control mice. Finally, the potency of i.e.v. yohimbine 

in antagonizing s.c. clonidine was unchanged in control and 

in spinally-transected mice. These data thus support an 

additional peripheral site of clonidine action to alter gut 

motility. 

In conclusion, it is suggested that both supraspinal 

and peripheral alpha-2 adrenoceptors can play an important 

role in the neuroregulation of the intestinal motor function 

by clonidine in the mouse. 
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