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PLAZNIK, A., M. G. DE SIMONI AND S. ALGERI. The effect of opiate treatment on the postdecapitation reflex and 
monoamine metabolism in the rat spinal cord. PHARMACOL BIOCHEM BEHAV 19t3)427--429, 1983.--Post- 
decapitation seizures (PDR) are a spinal reflex which seems regulated by some monoaminergic neurons present in the 
spinal cord (S.C.). In order to better characterize the role of dopaminergic neurons in PDR, we studied the effect of 
treatment with opiates, which are known to increase dopamine (DA) and serotonin (5HT) metabolism in the brain, on the 
duration of PDR and on the metabolism of DA and 5HT in S.C. Morphine, given either IP or ICV, reduced the duration of 
PDR and increased DA metabolism. Both effects were more evident after systemic administration. [D- 
Ala2]Met s enkephalin amide acted similarly to ICV administered morphine. Biochemical and behavioral effects were 
significantly correlated. 
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KNOWLEDGE of monoaminergic systems operating in the 
spinal cord (S.C.) is still scanty. Somewhat more is known 
about the distribution and function of noradrenaline (NE). 
Noradrenergic fibres innervating the S.C. originate mostly 
from N E cells in the medulla oblongata and pons[ 10,11 ]. It is 
postulated that spinal NE plays an important role in mediat- 
ing supraspinal control mechanisms over spinal reflexes [17]. 
The "postdecapitation seizure" or postdecapitation reflex 
(PDR) is an example of a reflex mostly dependent on the 
integrity of the spinal NE system. Selective depletion of spi- 
nal NE or pharmacological blockade of postsynaptic ad- 
renergic receptors inhibits it [13, 16, 19, 21]. 

However it was shown recently that serotonin (5HT) also 
contributes, either directly or by interaction with other 
monoaminergic systems, to the mechanisms controlling the 
PDR [16,17]. It was also reported that dopamine (DA) exists 
in the rat spinal cord independently from NE neurons and 
that it is likely to be present in the terminals of descending 
axons [5,111. Some pharmacological manipulations and 
neurotoxic lesions have in fact demonstrated the independ- 
ent functioning of DA/NE systems in the rat spinal cord [5]. 

The role of DA in PDR is less clear. Some authors claim 
no DA involvement in this reflex [14]. However, Pappas et 
al. [17] found that selective depletion of brain DA could 
significantly inhibit the PDR. Although applied treatment did 
not affect NE levels in the brain and S.C., it strongly reduced 
the duration and vigor of the PDR. It is well known that 
opiate drugs increase the turnover of central DA as a conse- 
quence of a positive feed-back resulting from a fall in the 
release of this transmitter [1, 2, 7, 12]. 

'Present address: Psychoneurological Institute, Warsaw, Poland. 
2Requests for reprints should be addressed to Sergio Algeri. 

The present study had three objectives: (1) to establish 
the effect of these drugs on S.C. dopaminergic system; (2) to 
further characterize independent functions of the DA system 
in the S.C.; (3) to relate any such effects to the PDR. 

METHOD 

Male CD-COBS rats (Charles River, Italy) were used, 
weighing 125-150 g at the beginning of the experiment. 
Animals were housed in standard conditions. 

[D-Ala=] methionine enkephalinamide (DALA), a syn- 
thetic analog of the naturally occurring opioids, and mor- 
phine hydrochioride were dissolved in saline and injected in 
the lateral cerebral ventricle at doses of 50 Izg in 10 ~l 
(DALA) and 25 tzg in 10 v.l (morphine) through two polyeth- 
ylene cannulas implanted 3 days before. In a third experi- 
mental group, morphine hydrochloride was dissolved in 
saline and injected IP at a dose of 15 mg/kg. One hour after 
intracerebral DALA and morphine injections, and two hours 
after peripheral morphine treatment, rats were rapidly killed 
by decapitation using a guillotine, and the body was im- 
mediately placed in a 5 1. glass beaker. The time between 
first and last clonic movement was recorded with a stop- 
watch as the PDR. 

Next, the spinal cord was quickly removed from C2-C3 to 
T~ to T~ (13-14 segments, mean tissue weight 250 mg), fro- 
zen on dry ice and kept at -80°C for biochemical determina- 
tion. Dopamine and serotonin metabolites homovanillic acid 
(HVA), 3,4 dihydroxyphenylacetic acid (DOPAC) and 
5-hydroxyindolacetic acid (5-HIAA), were determined using 
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FIG. 1. The effect of opiate drug treatment on duration of the 
postdecapitation reflex (PDR) (upper part of the figure) and on 
HVA, DOPAC and 5HIAA (lower part of the figure) in the rat spinal 
cord. The data are mean '-S.E. A--control, saline injected rats, 
n= 12; B--IP morphine injected rats, n - 14; C--ICV DAI.A injected 
rats, n=12: D---ICV morphine injected rats, n--0; *p<:0.05: 
**p< 0.02, ***p<0.01 by Duncan's new mutliple range test. 
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FIG. 2. Correlation between the effects of opiate treatment on PDR 
and the levels of H VA in S.C. Ordinate: duration of PDR in scc. "lhc 
average value is indicated by the segment perpendicular to the verti- 
cal axis. Abscissa: HVA concentration (ktg,,'g). The average value is 
indicated by the segment perpendicular to the horizontal axis. Solid 
circles - rats treated with saline; open circles rats treated with 
morphine (IP); squares = rats treated with DAI.A (ICV): triangles = 
rats treated with morphine (1CV). The significance of correlation 
was analyzed using a Spearman's rank correlation coefficient. 

liquid chromatography  with e lec t rochemica l  detect ion 
(LCED)  as descr ibed by Ponzio and Jonsson  1181. The values 
were expressed  in nanograms per gram of  tissue. 

The exper iment  was run in two pans ;  in each part treated 
groups were balanced by appropriate  saline injected control  
groups.  All behavioural  and biochemical  data were taken 
from the same rats; there were at least 6 animals in each 
exper imenta l  group.  

Significance o f  behavioral  and biochemical  data was cal- 
culated using Duncan ' s  new multiple range test. To  assess the 
correlat ion be tween  the biochemical  and behavioral  effects 
o f  opiate t rea tment  the Spearman rank correlat ion coeffi- 
cient was used 1151. 

R E S U I  . T S  

Acute morphine and acute D A L A  treatment significantly 
shor tened the durat ion o f  the PDR and the effect was even 
more pronounced  when morphine  was given systemical ly 
(Fig. 1). In the same rats 120 min after peripheral morphine  
injection there was a significant rise in the levels of  the 
metabol i tes  H V A  and D O P A C  in the S.C. DAI_A and central  
morphine  t reatment ,  after 60 min, induced a significant rise 
only in the concent ra t ion  o f  H V A ,  compared  with the con- 
trol group (Fig. 1). None  of  the t rea tments  changed the con- 
centrat ion o f  the 5HT metabol i te  5HIAA,  although some 
tendency to accumulat ion  was present  (Fig. 1). The Spear-  
man rank correlat ion coefficient  showed a significant nega- 
tive corre la t ion be tween  biochemical  and behavioral  effects  
of  peripheral  morphine  t reatment  (,o=1-10,4868, p<0 .05)  
and central ly injected D A L A  (p= 1-10,6468, p<0.05) .  

In the central ly injected morphine  group,  the correlat ion 
coefficient showed the same tendency as in other  treated 
groups,  but did not reach the level of  significance (p= 1- 
10,4428, p >0.05) probably because  of  the limited number  of  
samples in this group (Fig. 2). 

D I S C U S S I ( . ) N  

It has been reported that DA has a role of  its own in the 

S.C. and is not merely a precursor  of  N E  15,11]. Our  results 
indicate that in the S.C. DA undergoes oxidat ive metabol ism 
similar to that in the C N S ,  with the except ion that here the 
ratio of  H V A  to D O P A C  is higher than in the CNS.  The 
reason for this is not clear but it might arise from a difference 
in metabol i te  el imination processes  or  in the activities of  
M A O  and C O M T  enzymes  or  through a contribution of  tel- 
encephal ic  H V A  transported via cerebrospinal  fluid into the 
S.C. 

Morphine and opiate peptides are known to cause dose-  
dependent  st imulation of  the metabol ism of  DA and 5HT, 
and this is reflected by an increase in the concentra t ions  of  
their metabol i tes  in many structures of  the forebrain [ I, 2, 3, 
4, 7, 9, 12, 20]. 

This effect has been shown to be due to opiate drugs 
increasing both synthesis  and the intraneuronal  exposure  of  
the neurol ransmit te r  to the metabolizing action of  
monoamine  oxidase as a consequence  of  its reduced release 
[I, 2, 7, 12]. In our  exper iment ,  morphine and D A L A  signifi- 
cantly raised the levels of  DA metabol i tes  in the S.C. too. 
The effect o f  IP injected morphine seemed to be stronger 
than that o f  DAI .A  and concerned  both DA metaboli tes,  it 
should be borne in mind however ,  that parenterally mor- 
phine treated rats were decapi ta ted 60 min later than DAI .A 
and centrally morphine injected rats, which could help ex- 
plain the greater  accumulat ion  of  DA metaboli tes  in this 
group. Another  possibility is that morphine,  once injected 
peripherally,  reaches the receptor  sites in the S.C. more eas- 
ily than opioids injected into cerebral  ventricles.  Opiate 
t reatment  did not significantly raise the concentra t ion of  
5 H I A A  in the S.C. in spite of  a tendency to do so. Published 
data so tar indicate that in fact 5HT neurons react less 
strongly than DA neurons to opiates 13.8]. The findings pre- 
sented here substantiate the general conclusion of  similar 
features o f  te lencephal ic  and spinal DA and 5Hl '  systems,  as 
regards their  reaction to some groups o f  psychotropic  drugs. 

Trea tment  with opiate drugs influenced the PDR. After  
acute morphine and D A L A  t reatment  the PDR was signifi- 
cantly shortened,  to a similar degree  (about 20f4 ) in all exper-  
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imental  groups.  The Spearman  rank corre la t ion coeff icient  
showed  that the inhibitory effect  o f  opiates  on PDR was 
strongly corre la ted  with its effect  on DA neurons .  Al though 
significant,  this effect  was  not as s t rong as that found by 
o thers  utter  lesioning ca techolaminerg ic  neurons  with 
6 -hydroxydopamine  (6-OHDA) 1171. Possibly,  the effect  of  
the lesion on PDR is s t ronger  than that elicited by opia te  
t rea tment .  Moreover ,  6 -OHDA lesions also affect NA while 
at this time we do not know how opiates  affect this 
monoamine  in the S.C.  

It has been demons t r a t ed  that select ive deple t ion  o f  brain 
DA may significantly inhibit the PDR 115]. It has also been 
shown that narcot ic  drugs are ineffect ive on the S.C. N E 
sys tem 161. These  and our  results suggest  therefore  that the 
DA sys tem in the S.C. plays some role in PDR. 
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