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Effect of ( +)-8-hydroxy-2-(di-n-propylamino)tetralin hydrobromide on
spinal motor systems in anesthetized intact and spinalized rats
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Abstract

In the present study, we examined the effect of the 5-HT,, receptor agonist (= )-8-hydroxy-2-(di-n-propylamino)tetralin
hydrobromide (8-OH-DPAT), on the mono- and polysynaptic reflexes in intact and spinalized rats. 8-OH-DPAT (10 ug/kg iv.)
significantly potentiated the amplitude of the monosynaptic reflex in intact rats. In contrast, 8-OH-DPAT (30 and 100 ug/kgiv.)
produced a significant dose-related inhibition of the amplitude of the monosynaptic reflex in spinalized rats. These results
suggest that 8-OH-DPAT predominantly excites spinal motor systems at the supraspinal site, and inhibits such systems at a spinal

cord site.
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1. Introduction

Serotonin (5-hydroxytryptamine, 5-HT) can be found
in the nucleus raphe pontis, the nucleus raphe obscu-
rus and the nucleus raphe pallidus (Dahlstrém and
Fuxe, 1964; Wiklund et al., 1981), and 5-HTergic neu-
rons project to the spinal ventral horn (Nygren et al.,
1974; Martin et al., 1982; Basbaum et al., 1987). Sev-
eral studies have examined the spinal motor systems,
but 5-HT has various functional roles, and conflicting
evidence has been reported. In the cat, the monosyn-
aptic reflex is potentiated by p,L-5-hydroxytryptophan
(5-HTP), a precursor of 5-HT (Anderson and Shibuya,
1966), and 5-HT directly depolarizes spinal motoneu-
rons (Connell and Wallis, 1988) and enhances their
excitability (Barasi and Roberts, 1974; Roberts et al.,
1988). On the other hand, the monosynaptic reflex is
inhibited by 5-HT in isolated frog spinal cord (Carels,
1962) and isolated neonatal rat spinal cord (Saito et al.,
1982; Wu et al., 1991). In our previous studies, 5-
methoxy-N, N-dimethyltryptamine (5-MeODMT) and
5-HTP inhibited the monosynaptic reflex in spinalized
rats (Nagano et al., 1988). Thus, the effect of 5-HT
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seems to vary between intact animals and spinalized
animals, or between in vivo and in vitro studies. In the
present study, we examined the effect of (+)-8-hy-
droxy-2-(di-n-propylamino)tetralin hydrobromide (8-
OH-DPAT), a 5-HT,, receptor agonist, on the. spinal
reflex in intact and spinalized rats to determine the
action of 5-HT at sites including supraspinal sites and
spinal cord sites.

2. Materials and methods

2.1. Measurement of mono- and polysynaptic reflexes

Male Wistar rats (8-9 weeks old) were anesthetized
with a-chloralose (25 mg/kg i.p.) and urethane (1000
mg/kg i.p.) and a cannula was inserted into the tra-
chea and the tail vein for drug administration. Spinal-
ized rats were obtained by C1 transection, and the
brainstem was crushed by stuffing with cotton. A dorsal
laminectomy was performed in the lumbo-sacral re-
gion, and both the ventral and dorsal roots below L4
were cut distally at their points of exit from the verte-
bral column. All exposed surgical areas were covered
with liquid paraffin kept at 36.5 + 0.5°C by radiant
heat. Rectal temperature was maintained at 37 + 0.5°C.
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Bipolar platinum electrodes were used for stimulation
and recording. An L5 dorsal root was stimulated with
0.2 Hz rectangular pulses 0.05 ms in duration and with
supramaximal voltages which were approximately twice
the intensity required to cause a maximal reflex re-
sponse. Mono- and polysynaptic reflexes were recorded
from the L5 ventral root and displayed on an oscillo-
scope, and eight consecutive responses were averaged
by an averager.

2.2. Drug

8-OH-DPAT HBr (Research Biochemicals Interna-
tional, USA) was dissolved in 0.9% physiological saline
and administered intravenously at 1 ml/kg of body
weight.

2.3. Statistical analysis

Mono- and polysynaptic reflexes were calculated as
percentages of the amplitude of the predrug values. All
data are shown as the means + standard error. The
statistical significance of differences was evaluated by
one-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple ¢-test.

3. Results
3.1. Effect of 8-OH-DPAT in spinalized rats

The monosynaptic reflex was significantly inhibited
in a dose-dependent manner. At 30 and 100 ug/kg,
the amplitude of the monosynaptic reflex was reduced
to 65.5 + 4.3% (n-=3) and 30.7 + 7.5% (n =5) of the
control, respectively (Fig. 1A, Table 1). On the other
hand, although 8-OH-DPAT at a dose of 100 ug/kg
appeared to potentiate the polysynaptic reflex by 37.9
+92% (n=4) in spinalized rats (Table 1), this in-
crease was not significant. These responses peaked at 3
min after drug administration and the amplitudes re-
turned to their respective control levels within 60 min.

3.2. Effect of 8-OH-DPAT in intact rats

8-OH-DPAT at a dose of 10 wg/kg significantly
potentiated the amplitude of the monosynaptic reflex
by 66.4 + 24.7% (n =4) in intact rats (Fig. 1B, Table
1), but did not affect the polysynaptic reflex. In intact
rats, 8-OH-DPAT did not inhibit the amplitude of the
monosynaptic reflex when administered at a dose of
100 wg /kg (data not shown). The effect of 8-OH-DPAT
on the monosynaptic reflex in intact rats peaked at 3
min after administration and the amplitude returned to
its control level within 30 min.
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Fig. 1. Effect of 8-OH-DPAT on the amplitude of the monosynaptic
reflex in spinalized (A) and intact (B) rats. The monosynaptic reflex
was evoked by electrical stimulation (0.05 ms, 0.2 Hz, supramaximal
voltage) of the L5 dorsal root, recorded from the L5 ventral root, and
displayed on an oscilloscope. Eight consecutive responses were aver-
aged by an averager. Each point represents the mean + S.E. for 3-5
rats in each group. The statistical significance of differences was
determined by one-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple ¢-test. P < 0.05 and " * P < 0.01 vs. Control.

Table 1
Maximal changes in the amplitudes of the mono- and polysynaptic
reflexes

Response (%) (n)
Spinalized rat  Intact rat
MSR Control 1006+ 1.5(3) 9724 2.0(4)
8-OH-DPAT 3 ug/kg 107.5+ 3.003)
10 ng/kg . 166.4+24.7 (4) 2
30 ug/kg 655+ 43(3)°*
100 ug/kg 307+ 7.5(5)°
PSR Control 1046+ 33(3) 100.7+10.0(4)
8-OH-DPAT 3 pug/kg 89.0+11.5(3)
10 pg/ke 108.4+18.6 (4)
30 ng/kg 116.5+182(3)
100 ug/kg 1379+ 9.2(4)

The monosynaptic reflex (MSR) and polysynaptic reftex (PSR) were
calculated as a percentage of the amplitude of the predrug values.
Data represent the means+ S.E. The significance of differences was
determined by one-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple ¢-test. * P < 0.05 and ® P < 0.001 vs. Control.
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4. Discussion

In the present study, the monosynaptic reflex was
significantly potentiated by 10 wg/kg of 8-OH-DPAT
in the intact rat. In the spinalized rat, while the
monosynaptic reflex was significantly inhibited by 30
and 100 ug/kg of 8-OH-DPAT, 10 ug/kg of 8-OH-
DPAT had only a negligible effect (data not shown).
Thus, it is most likely that the enhancing effect of
8-OH-DPAT is produced at a supraspinal site, while
the inhibitory effect is produced at a spinal site. Fur-
thermore, the inhibitory effect of 8-OH-DPAT in the
spinal cord must be masked by a descending excitatory
pathway in the monosynaptic reflex.

In spinalized rats, the monosynaptic reflex was dose
dependently inhibited by 8-OH-DPAT, although a dose
10-fold higher than that used in intact rats was re-
quired to evoke an inhibitory effect on the monosynap-
tic reflex. This inhibitory effect is antagonized by
haloperidol, a non-selective dopamine /5-HT receptor
antagonist, but not by spiroxatrine, a selective 5-HT, ,
receptor antagonist (unpublished observations). Re-
cently, it has been shown that 5-HT, , receptors in the
dorsal raphe and the hippocampus have different prop-
erties, since spiperone antagonizes 8-OH-DPAT-in-
duced firing in the dorsal raphe, but not in the hip-
pocampus (Blier et al., 1993). Therefore, it may be
possible that the inhibitory effect of 8-OH-DPAT on
the monosynaptic reflex in spinalized rats is mediated
via unclassified 5-HT receptors. Recently, it has been
considered that 8-OH-DPAT is a ligand of the 5-HT,
receptor (Tsou et al., 1994). Therefore, the inhibitory
effect of 8-OH-DPAT in the spinal cord may involve
the 5-HT, receptor. It has been reported that 5-HT
increases motoneuron excitability in decerebrated cats
in which the central nervous system is intact between
the brainstem and the spinal cord (White and Fung,
1989). Electrical stimulation of the nucleus raphe me-
dianus (White and Fung, 1989) or the nucleus raphe
obscurus (Roberts et al., 1988) also increases the am-
plitude of the monosynaptic reflex and evokes excita-
tion of spinal motoneurons in anesthetized intact rats.
However, 8-OH-DPAT applied iontophoretically in the
ventral horn was without effect on the monosynaptic
reflex in halothane-anesthetized rats (Roberts et al.,
1988). On the other hand, in a study on isolated rat
spinal cord, it was shown that 8-OH-DPAT and other
5-HT,, receptor ligands inhibit the monosynaptic re-
flex (Crick and Wallis, 1991; Wallis et al., 1993). 5-HTP
and 5-methoxy-N, N-dimethyltryptamine also inhibit the
monosynaptic reflex in spinalized animals (Hall, 1981;
Yamazaki et al., 1991). Thus, 5-HT most likely excites
spinal motor systems by acting at supraspinal sites in
intact animals. However, in spinalized animals or iso-
lated spinal cord, 5-HT or 5-HT,, receptor ligands
have an overriding inhibitory effect against spinal mo-

tor pathways which masks any excitatory, depolarizing
action on motoneurones.

In summary and conclusion, 8-OH-DPAT has com-
plex effects on motor systems in the rat, since it acts at
both supraspinal and spinal sites. In the intact rat,
8-OH-DPAT predominantly acts at supraspinal sites
and excites motor systems in the spinal cord. On the
other hand, 8-OH-DPAT inhibits spinal motor systems
at the spinal cord level, but this effect is likely to be
masked by supraspinal responses in intact rats.

References

Anderson, E.G. and T. Shibuya, 1966, The effect of 5-hydroxytrypto-
phan and 1-tryptophan on spinal synaptic activity, J. Pharmacol.
Exp. Ther. 153, 352.

Barasi, S. and M.H.T. Roberts, 1974, The modification of lumbar
motoneurone excitability by stimulation of a putative 5-hydroxy-
tryptamine pathway, Br. J. Pharmacol. 52, 339.

Basbaum, A.lL, F. Godefroy and J. Weil-Fugazza, 1987, A new
microdissection technique for regional biochemical analysis of the
spinal cord: serotonin, norepinephrine, dopamine and uric acid,
Brain Res. 419, 229,

Blier, P., A. Lista and C. De Montigny, 1993, Differential properties
of pre- and postsynaptic 5-hydroxytryptamine,, receptors in the
dorsal raphe and hippocampus. 1. Effect of spiperone, J. Pharma-
col. Exp. Ther. 265, 7.

Carels, G., 1962, Depression par la serotonone de la transgrenouille,
Arch. Int. Pharmacodyn. 138, 326.

Connell, L.A. and D.I. Wallis, 1988, Responses to 5-hydroxytryp-
tamine evoked in the hemisected spinal cord of the neonate rat,
Br. J. Pharmacol. 94, 1101.

Crick, H. and D.I. Wallis,1991, Inhibition of reflex responses of
neonate rat lumbar spinal cord by 5-hydroxytryptamine, Br. J.
Pharmacol. 103, 1769.

Dahlstrom, A. and K. Fuxe, 1964, Evidence for the existence of
monoamine-containing neurons in the central nervous system. 1.
Demonstration of monoamines in the cell bodies of brain stem
neurons, Acta Physiol. Scand. 62 (Suppl. 232), 3.

Hall, E.D., 1981, Non-serotonergic depression of spinal monosynap-
tic reflex transmission by 5-hydroxytryptophan, Neuropharmacol-
ogy 20, 109.

Martin, G.F., T. Cabana, F.J. Ditirro, R.H. Ho and A.O. Humbert-
son, 1982, Raphespinal projections in the North American opos-
sum: evidence for connectional heterogeneity, J. Comp. Neurol.
208, 67.

Nagano, N., H. Ono, M. Ozawa and H. Fukuda, 1988, The spinal
reflex of chronic spinal rat is supersensitive to 5-HTP but not to
TRH or 5-HT agonists, Eur. J. Pharmacol. 149, 337.

Nygren, L.-G., L. Fuxe, G. Jonsson and L. Olson, 1974, Functional
regeneration of S-hydroxytryptamine nerve terminals in the rat
spinal cord following 5,6-dihydroxytryptamine induced degenera-
tion, Brain Res. 78, 377.

Roberts, M.H.T., M. Davies, D. Girdlestone and G.A. Foster, 1988,
Effects of 5-hydroxytryptamine agonists and antagonists on the
responses of rat spinal motoneurones to raphe aobscurus stimula-
tion, Br. J. Pharmacol. 95, 437.

Saito, K., S. Ito, T. Kitazawa and A. Ohga, 1982, Selective inhibition
by methysergide of the monosynaptic reflex discharge in the
isolated spinal cord of the newborn rat, Brain Res. 251, 117.

Tsou, A.P., A. Kosaka, C. Bach, P. Zuppan, C. Yee, L. Tom, R.
Alvarez, S. Ramsey, D.W., 1994, Cloning and expression of a



214 Y. Hasegawa, H. Ono / European Journal of Pharmacology 295 (1996) 211-214

5-hydroxytryptamine, receptor positively coupled to adenylyl cy-
clase, J. Neurochem. 63, 456.

Wallis, D.I., J. Wu and X. Wang, 1993, Descending inhibition in the
neonate rat spinal cord is mediated by S5-hydroxytryptamine,
Neuropharmacology 32, 73.

White, S.R. and S.J. Fung, 1989, Serotonin depolarizes cat spinal
motoneurons in situ and decreases motoneuron afterhyperpolar-
izing potentials, Brain Res. 50 2, 205.

Wikiund, L., L. Leger and M. Persson, 1981, Monoamine cell distri-
bution in the cat brain stem: a fluorescence histochemical study

with quantification of indoleaminergic and locus coeruleus cell
groups, J. Comp. Neurol. 203, 613.

Wu, S.Y., M.Y. Wang and N.J. Dun, 1991, Serotonin via presynaptic
5-HT, receptors attenuates synaptic transmission to immature rat
motoneurons in vitro, Brain Res. 554, 111.

Yamazaki, J., H. Ono and T. Nagao, 1991, Stimulatory and inhibitory
effects of serotoninergic hallucinogens on spinal mono- and
polysynaptic reflex pathways in the rat, Neuropharmacology 31,
635.



