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Summary. We have studied the modifications in the 
distribution of methionine-en kephalin in the cat spinal 
cord after intravenous or intrathecal administration of 
clonidine by using an immunocytochemical technique . 
In animals not treated with the substance, a very high 
density of immunoreactive fibers was found in layers I 
and II; a high density in the dorso-lateral funiculus and 
in the reticular formation; a moderate density in layers 
Ill , IV and V; and a low density in layer VI. However, 
after intravenous or intrathecal administration of 
clonidine a decrease in fibers containing met-enkephalin 
was observed in layers I and II (high or moderate 
density), the dorso-lateral funiculus, and the reticular 
formation (moderate or low density), and in layers IV 
and V (low or very low density). In all cases, the 
decrease in the immunoreactivity was more marked 
when clonidinc was administered intrathecally. Our 
results suggest that clonidine induces the release of met
enkephalin in the spinal cord. They further suggest that 
the opioid peptide released could be involved in the 
control of nociceptive transmission by inhibiting the 
release of neurotransmitters (e.g., substance P). In 
summary, our study shows that clonidine could be 
involved in antinociceptive mechanisms in the cat spinal 
cord . 
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Introduction 

Pain is the most important human clinical symptom 
and a very unpleasant experience whose solution 
remains to be solved. The discovery and localization of 
endogenous opioid pep tides in the nervous system 
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(Hughes et al., 1975; Guillemin et aI., 1976; Conrath
Verrier et aI., 1983; Conrath et aI., 1986) has opened new 
therapeutic possibilities for reducing the sensation of 
pain, since if endogenous peptides with opioid activity 
could be released by means of psychic, physical or 
pharmacological stimuli, it seems that this release of 
peptides could produce analgesia without any secondary 
effects. 

In this sense, after low-frecuency analgesic electro
acupuncture, several studies have shown alterations in 
the distribution of met-enkephalin in the cat central 
nervous system (Vazquez et aI., 1995) especially at sites 
related to nociceptive pathways (Vacca-Galloway et al., 
1985; Cobos, 1988; Vazquez et aI., 1990). In the present 
study we searched for changes in the enkephalincrgic 
system of the cat spinal cord using a chemical stimulus; 
namely, clonidine. We chose this substance because it 
has been demonstrated, a) to have a potent analgesic 
effect (Yaksh and Reddy, 1981; Nakamura and Lico, 
19S5; Mastrianni et aI., 1989; Ossipov et aI., 1989), and 
b) to be very efficient as treatment during the opioid 
withdrawal syndrome (Tseng et ai., 1975 ; Gold and 
Pottasch, 1981). 

Clonidine apparently produces analgesia by 
releasing methionine-enkephalin from the terminals , 
inhibiting this neuroactive substance the release of 
neurotransmitters (e.g., substance P) in the nociceptive 
pathways (Jesse I and Iversen, 1977). Moreover, it seems 
that during the opioid withdrawal syndrome, cIonidine 
administration restores the normal levels of opiate 
peptides that are decreased, because their synthesis 
would be blocked by exogenous opioid peptide 
administration. 

The aims of this work were therefore: 1) to compare 
the density of fibers containing met-enkephalin in the cat 
spinal cord of control animals and animals treated with 
clonidine ; and 2) to compare two routes of clonidine 
administration (intravenous or intrathecal) in order to 
determine which route elicits the most alterations in 
immunoreactive fiber density. 
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Materials and methods 

Experimental procedure 

Ten adult male cats (2-3 kg body weight) obtained 
from commercial sources were used in this study. The 
animals were divided into three groups: a) control cats 
(not treated with clonidine) (2 animals); b) cats with 
intravenous administration of c10nidine (4 animals); and 
c) cats with intrathecal administration of clonidine (4 
animals). The animals were deeply anaesthetized with 
ketamine (40 mg/kg) and 5 min after anaesthesia 
clonidine was administered intravenously by catheter 
into the saphena magna vein (15 .ug/kg diluted in 3 ml of 
saline solution) (Eisenach and Grice, 1988) or 
administered intrathecally between the fourth and the 
fifth lumbar vertebrae (20.ug/kg diluted in 3 ml of saline 
solution) (Eisenach et aI., 1987; Drasner and Fields, 
1988). Animals were perfused for 30 min and 80 min 
respectively after intravenous or intrathecal clonidine 
administration. 

Tissue processing 

All animals were perfused transcardially with 500 
ml of 0.9% NaCl and 3 I of 4% paraformaldehyde 
diluted in Sorensen buffer. Spinal cords were dissected 
out, postfixed overnight in the latter solution, and placed 
in sucrose baths of increasing concentration (10-30%) 
until they sank. Using a cryostat, 80 ,urn serial trans
versal sections of the cervical spinal cord were cut and 
processed for immunocytochemistry. 

Immunocytochemical procedure 

An indirect immunoperoxidase technique was used 
for the detection of met-enkephalin, as described 
previously (Conrath et aI., 1986). Free-floating sections 
were pre-incubated for 30 min in 1 % normal horse 
serum in Sorensen buffer containing 0.3% Triton X-100 
in order to enhance antibody penetration. Sections were 
then incubated overnight at 4 °C in the same buffer 
containing anti-met-enkephalin antiserum, at a dilution 
of 1/1600. After a 30-min wash with Sorensen buffer, 
sections were incubated for 1 h with sheep anti-rabbit 
immunoglobulin coupled to horseradish peroxidase as 
the second antiserum, diluted 1/250 in Sorensen buffer. 
After washing in this buffer (30 min) and Tris-HCI 
buffer (pH 7.4) (10 min), tissue-bound peroxidase was 
developed by the 3,3' -diaminobenzidine method. 

Antiserum specificity 

The antiserum used in this study was purchased from 
Cambridge Research Biochemical (Cambridge, U.K.). 
Immunostaining specificity was checked by: 1) omission 
of the met-enkephalin antiserum in the first incubation 
bath (no residual immunoreactivity was observed); and 
2) the absence of possible interference by endogenous 

peroxidase on staining some sections, beginning with the 
diaminobenzidine step (again, no reaction was 
observed). The term met-enkephalin-like immuno
reactive (ME-ir) is henceforth used to describe the 
staining results in our material. Mapping was carried out 
according to the atlas of Rexed (1954). 

Results 

The results obtained are summarized in Table 1 and 
partially illustrated in Figure 1. Immunoreactivity was 
always found in neuronal cells (in fibers, not in cell 
bodies), but never in non-neuronal cells. In the control 
group (not treated with clonidine), we found a very high 
density of ME-ir fibers in layers I and II of Rexed; a 
high density in the dorso-Iateral funiculus and in the 
reticular formation; a moderate density in layers III, IV 
and V; and a low density in layer VI. 

After intravenous administration of cIonidine, the 
density of ME-ir fibers was high in layers I and II; 
moderate in layer III, the dorso-Iateral funiculus, and 
reticular formation, and low in layers IV, V and VI. 
When clonidine was intrathecally administered, a 
moderate density of ME-ir fibers was observed in layers 
1, II and III; a low density in the dorso-Iateral funiculus 
and reticular formation; and a very low density in layers 
IV, V and VI. 

In summary, after intravenous or intrathecal 
clonidine administration, we observed a decrease in ME
ir fibers in layers I, II, IV, and V, the dorso-Iateral 
funiculus, and the reticular formation this decrease being 
more pronounced in animals administered intratecally 
with c1onidine. 

Discussion 

Overall, the results found in the control cats are 
consistent with previous findings by Conrath-Verrier et 
al. (1983) concerning the distribution of ME-ir fibers in 
the cat cervical spinal cord. However, those authors 
found ME-ir cell bodies in the cervical spinal cords of 
their animals. In our study, we did not observe any ME
ir cell bodies. This discrepancy is due to the fact that 

Table 1. Summary of met-enkephalin immunoreactivity. 

LAYER CONTROL INTRAVENOUS INTRATHECAL 
CLONIDINE CLONIDINE 

I +++++ ++++ +++ 
/I +++++ ++++ +++ 
III +++ +++ +++ 
IV +++ ++ + 
V +++ ++ + 
VI ++ ++ + 
FDL ++++ +++ ++ 
FR ++++ +++ ++ 

FDL: dorso-Iateral funiculus; FR: reticular formation. Density of 
immunoreactivity: +++++, very high; ++++, high; +++, moderate; ++, 
low; +. very low. 
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Conrath-Verrier et al. (1983) administered colchicine to 
their animals while we did not. Currently, it is known 
that, in general, colchicine administration is necessary to 
observe peptide-containing perikarya. 

In the control animals, we observed the highest 
density of ME-ir fibers in layers I and II of Rexed 
(substantia gelatinosa of Rolando) , the dorso-Iateral 
funiculus, and in the reticular formation, as has been 

:OIlTROL. 

previously reported (Conrath-Verrier et aI., 1983). Such 
findings indicate that these regions of the spinal cord are 
involved in the transmission and control of nociceptive 
stimuli. Thus, for example, the dorso-Iateral funiculus is 
formed by fibers that convey nociceptive stimuli from 
the periphery to the sensitive neurons located in the 
superficial most layers of the dorsal horn. Additionally, 
this funiculus contains propiospinal fibers that arise from 

1 

Fig. 1. Distribution of met-
en kephalin immunoreactive 
fibers in the cat spinal cord 
corresponding to cervical 
level 5. These results were 
obtained from control animals 
(not treated with clonidine). 
The increasing intensity 
indicates the density of the 
immunoreactivity. Roman 
numbers indicate the layers 
of Rexed . 

Fig. 2. Control animal. ME-i r fibers 
in layers I and II of Rexed in the 
dorsal horn. x 40 
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small neurons located in the substantia gelatinosa of 
Rolando (layers I and II of Rexed); these neurons are 
known to be intraspinal modulators of nociceptive 
afferences. 

In comparison with control cats, the animals under
going intravenous or intrathecal administration of 
clonidine showed a decrease in the density of ME-ir 
fibers, for example, in layers I, II and V of the cervical 

spinal cord; the decrease being more marked when 
clonidine was administered intrathecally. The decrease 
in the number of ME-ir fibers suggests that clonidine 
induces the release of ME from fibers and that the opioid 
peptides released could inhibit the release of neuro
transmitters (e.g., substance P) from terminals rich in 
opiate receptors and involved in nociceptive trans
mission (Jesse! and Iversen, 1977; Kuraishi et aI., 1985). 

Fig. 3. Animal treated with 
clonidine administered 
intravenously. ME-ir fibers located 
in layers I and II of Rexed in the 
dorsal horn. x 40 

Fig. 4. Animal treated with 
clonidine administered 
intrathecally. Fibers containing 
met-enkephalin located in layers 
I and II of Rexed in the dorsal 
horn . x 40 
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In summary, the administration of clonidine could 
produce analgesia. The differences in the densities of 
ME-ir fibers found in animals intravenously or 
intrathecally administered with clonidine can be 
explained in terms of the idea that intrathecally 
administered clonidine has a local-regional effect on the 
spinal cord, reaching a higher concentration in the 
cerebrospinal fluid and nervous tissue than when it is 
administered intravenously (Castro and Eisenach, 1989). 

The results found in animals treated with clonidine 
are very similar to those observed in the cat spinal cord 
after low-frequency analgesic electroacupuncture 
(Vacca-Galloway et ai., 1985; Cobos, 1988). Taken 
together, these data suggest that both electroacupuncture 
and clonidine could produce analgesia by releasing met
enkephalin in the zones of the central nervous system 
involved in the transmission of nociceptive stimuli. The 
release of endogenous opiate peptides after electro
acupuncture or clonidine administration could explain 
the beneficial effects of therapies in subjects with the 
opiate withdrawal syndrome. 

Finally, it has been indicated that clonidine exerts a 
partial agonist action on alpha-2 adrenergic presynaptic 
receptors (Haeusler, 1976; Raskind, 1988). Our data also 
suggest that the met-enkephalinergic system may be 
controlled by clonidine. 

References 

Castro M.1. and Eisenach J.C. (1989). Pharmacokinetics and dynamics 
of intravenous, intrathecal and epidural clonidine in sheep. 
Anesthesiology 71, 418-425. 

Cobos R. (1988). Localizaci6n y modificaci6n del sistema met
encefalinergico en la medula cervical del gato, tras la estimulaci6n 
con electroacupuntura analgesica. Ph.D. Thesis. University of 
Seville. Spain. 

Conrath-Verrier M., Dietl M., Arluison M., Cesselin F., Bourgoin S. and 
Hamon M. (1983). Localization of met-enkephalin-like immuno
reactivity within pain-related nuclei of cervical spinal cord, brainstem 
and midbrain in the cat. Brain Res. Bull. 11, 587-604. 

Conrath M. , Covenas R., Romo R., Cheramy A., Bourgoin S. and 
Hamon M. (1986). Distribution of met-enkephalin immunoreactive 
fibres in the thalamus of the cat. Neurosci. Lett. 65, 299-303. 

Drasner K. and Fields H.L. (1988). Synergy between the antinoceptive 
effects of intrathecal clonidine and systemic morphine in the rat. 
Pain 32, 309-312. 

Eisenach J.C. , Dewan D.M., Rose J.C. and Angelo J.M. (1987). 
Epidural clonidine produces antinociception but not hypotension in 
sheep. Anesthesiology 66,496-501. 

Eisenach J.C. and Grice S.C. (1988). Epidural clonidine does not 
decrease blood pressure or spinal blood flow in awake sheep. 
Anesthesiology 68, 335-340. 

Gold M.S. and Pottash A.C. (1981) . The neurobiological implications of 
clonidine. Ann. NY Acad. Sci. 362,191-202. 

Guillemin R., Ling LV. and Busgus R. (1976). Endorphines, peptides 
d'origine hypothalamique et neurohypophysaire a activite 
morphinomimetique. Isolement et structure moleculaire. C. R. Acad. 
Sci. 282, 783-785. 

Haeusler G. (1976). Studies on the possible contribution of a peripheral 
presynaptic action of clonidine and clopamine to their vascular 
effects under in vivo conditions. N-S. Arch. Pharmacol. 295, 191-
202. 

Hughes J., Smith T.w., Kosterlitz H.w., Fothergill L.A., Morgan BA and 
Morris H.R. (1975). Identification of two related pentapeptides from 
the brain with potent opiate agonist activity. Nature 258,577-579. 

Jessell T.M. and Iversen L.L. (1977). Opiate analgesics inhibit 
substance P release from rat trigeminal nucleus. Nature 268, 549-
551 . 

Kuraishi Y., Hirota N., Sato Y. and Kaneko S. (1985). Noradrenergic 
inhibition of the release of substance P from the primary afferents in 
the rabbit spinal dorsal horn. Brain Res. 359,177-182. 

Mastrianni JA, Abbott F.V. and Kunos E. (1989). Activation of central 
mu-opioid receptors involved in clonidine analgesia in rats. Brain 
Res. 479, 283-289. 

Nakamura M. and Lico M.C. (1988). Peripheral modulation of pain in 
conscious guinea pigs: effects of morphine, nalorphine and 
clonidine. Braz. J. Med. BioI. Res. 21, 577-583. 

Ossipov M.H., Suarez L.J. and Spaulding T.C. (1989). Antinociceptive 
interactions between alpha-2 adrenergic and opiate agonists at the 
spinal level in rodents. Anesth. Analg. 68, 194-200. 

Raskind M.A. (1988). Increased plasma and cerebrospinal fluid 
norepinephrine in older men: differential suppression by clonidine. J. 
Clin. Endocrinol. Metab. 66, 438-443. 

Rexed B. (1954). A cytoarchitectonic atlas of the spinal cord in the cat. 
J. Compo Neurol. 100, 297-397. 

Tseng L.F., Loh H.H. and Wei E.T. (1975). Effects of clonidine on 
morphine withdrawal signs in the rat. Eur. J. Pharmacol. 30, 93-99. 

Vacca-Galloway L.L., Naftchi N.E., Arakawa K., Guan X.M. and Ai M.K. 
(1985). Alterations of immunoreactive substance P and enkephalins 
in rat spinal cord after electroacupuncture. Peptides 6, 177-188. 

Vazquez J. , Munoz, M. and Covenas R. (1990). Alterations on the 
distribution of methionine-enkephalin-like in the cat thalamus after 
electroacupuncture. An immunocytochemical study. J. Hirnsforch. 
31,555-561. 

Vazquez J. , Munoz M. and Caceres J.L. (1995). Modifications in the 
distribution of met-enkephalin in the limbic system of the cat brain 
after electroacupuncture. An immunocytochemical study. Histol. 
Histopathol. 10,577-582. 

Yaksh T.L. and Reddy S.v.R. (1981). Studies in the primate on the 
analgesic effects associated with intrathecal actions of opiates, 
alpha adrenergic agonists and baclofen. Anesthesiology 54, 451-
467. 

Accepted March 3, 1998 


