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CR/SP, T., J. L. STAFINSKY, M. URAM, V. C. PERNI, M. F. WEAVER AND L. J. SPANOS. Serotonin contributes to the 
spinal antinociceptive effects of morphine. PHARMACOL BIOCHEM BEHAV 39(3) 591-595, 1991.--This study was designed 
to determine if morphine administered intrathecally (IT) interacts with serotonergic or noradrenergic nerve terminals in the spinal 
cord to produce analgesia on the spinally mediated tuil-flick test. Male Sprague-Dawley rats were fitted with IT catheters. One 
week later, animals were spinally pretreated with receptor antagonists selective for opioid, serotonin or et-adrenoceptors, and the 
ability of these agents to alter spinal morphine-induced antinociception was assessed. Morphine dose-dependently elevated tail- 
flick latency in a naltrexone-reversible manner. The serotonin receptor antagonists spiroxatrine (5-HTtA), pindolol (5-HTm), titan- 
serin (5-HT2) and ICS 205-930 (5-HT3) attenuated the spinal analgesic effects of morphine. In contrast, the ct 1 and et2-adrenoceptor 
antagonists prazosin and yohimbine, respectively, did not alter morphine-induced elevations in tail-flick latency. These data sub- 
stantiate earlier reports that spinal morphine-induced antinociception relies on an opioid receptor-mediated component in addition 
to a local serotonergic component. The finding that the et-adrenoceptor antagonists did not alter the antinociceptive effects of IT 
morphine suggests that spinal norepinephrine does not contribute to the analgesic effects of the opiate. 
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IT is well established that opiates interact with opioid receptors 
on primary afferent nerve terminals in the spinal cord to inhibit 
nociceptive transmission (18). In addition to an opioid receptor- 
mediated component underlying the antinociceptive effects of 
opiates, a number of studies has demonstrated that neurotrans- 
mitters such as serotonin (5-hydroxytryptamine, 5-HT) and nor- 
epinephrine (NE) contribute to the full expression of opiate 
analgesia (1, 3, 15). For instance, when morphine was systemi- 
cally injected in spinally transected rats, an elevation in tall-flick 
latency (TFL) ensued which was opioid-mediated (naloxone-re- 
versible) and serotonergically mediated [methysergide-reversible; 
(11)]. Additionally, morphine administered into the periaqueduc- 
tal gray region of the rat midbrain produced elevations in TFL 
that were reversed by intrathecal (IT) injections of methysergide 
and phentolamine (16). Studies such as these were among the 
first to identify a monoaminergic component contributing to the 
systemic and supraspinal antinociceptive action of opiates (15). 

Recently, an attempt was made to study the relative involve- 
ment of spinal serotonergic and noradrenergic neuronal systems 
in the analgesic action of opiates administered IT (1,5). 13-En- 
dorphin is a potent epsilon opioid receptor agonist and, when 
injected IT in rats, produces a robust analgesic response on the 
tail-flick test (17). When 5-HT and ct-adrenoceptor antagonists 
were injected into the rat subarachnoid space prior to IT 13-en- 
dorphin, the antinociceptive effects of the opioid were inhibited 
(3). Similarly, morphine-induced spinal analgesia was attenuated 
by subcutaneously injected methysergide (1) but not by 
et-adrenoceptor antagonists (5). An investigation was recently 
made of the spinal antinociceptive properties of the selective Ix 

and 8 opioid receptor agonists DAMPGO [(D-Ala2,N-methyl - 
Phea,GlyS-ol) enkephalin] and DPDPE [(D-Pen2,D-Pen 5) en- 
kephalin], respectively. Following IT administration, both of 
these opioid peptides produced a naloxone-reversible analgesic 
response which was not mediated by local spinal 5-HT or NE 
(12). Apparently, some opiates rely on a monoaminergically 
mediated link in the spinal cord to produce analgesia (1, 3, 11, 
15), whereas others do not (12). 

Morphine interacts with at least three different opioid recep- 
tors, namely mu (p,), delta (8) and kappa (K) sites (13), while 
DAMPGO and DPDPE are more selective for p, and 8 opioid 
receptors, respectively. Perhaps the preferential selectivity of an 
opiate for a particular opioid receptor determines the potential 
involvement of 5-HT or NE in the spinal analgesic effects of the 
opiate. The purpose of the present study was to determine the 
extent to which monoaminergic influences may contribute to 
morphine-induced spinal analgesia. Rats were pretreated with 
selective 5-HT or NE receptor antagonists IT, and the ability of 
these agents to alter the spinal effects of morphine was evalu- 
ated on the tail-flick analgesiometric assay. The data suggest that 
an opioid-mediated component and a serotonergically mediated 
component contribute to the spinal antinociceptive effects of 
morphine. 

METHOD 

Intrathecal Cannulation Procedure 

Male Sprague-Dawley rats (350±50 g) were anesthetized 
with ketamine and chronically implanted with IT polyethylene 
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FIG. 1. Dose-response and duration of action for intrathecal morphine. 
Values represent the TFL means---S.E.M, of at least 6 rats per treat- 
ment group. *p<0.05 versus IT saline control values. 

(PE-10) catheters (6) to allow for the spinal injection of mor- 
phine, naltrexone and the various 5-HT and NE receptor antago- 
nists. The PE-10 cannula was inserted through a slit in the 
atlanto-occipital membrane and passed distally approximately 
8.5 cm to the rostral edge of the lumbar enlargement. Rats were 
allowed at least seven days to recover from the intrathecal sur- 
gery, and only those animals that displayed unimpaired motor 
function after spinal catheterization were used in the experi- 
ments. An interval of at least two weeks was maintained be- 
tween repeated injections, and rats were not injected more than 
twice. After the second injection, rats were killed and cannula 
placement was checked using methylene blue dye. 

Analgesiometric Test 

The spinally mediated tail-flick test (Model 33 Tail-Flick 
Analgesia Meter; IITC Life Science Instruments) was used as the 
nociceptive measure. The rat's tail was blackened beforehand 
with India ink and placed in a depression over a photocell in the 
analgesic meter. The time (in tenths of s) required for the rat to 
remove its tail from the heat source was automatically deter- 
mined and expressed as tail-flick latency (TFL). Four predrug 
TFL values were obtained at 10-rain intervals and used to calcu- 
late individual predrug means. The heat source on the tail-flick 
meter was set at an intensity that would produce predrug values 
within a 2--4-s range. A 10-s maximum exposure to the heat 
source was employed as the cutoff time to preclude tissue dam- 
age to the tail during multiple measurements, and animals not 
responding within the allotted 10 s were assigned a TFL of 10. 

Spinal Antinociceptive Properties of IT Morphine 

Initial studies were conducted to determine the analgesic effi- 
cacy of different doses of morphine administered spinally in rats. 
Morphine was dissolved in physiological saline and administered 
in IT doses of 1, 3 and 10 nmol/10 ILl saline (0.4, 1 and 3.8 
Ixg, respectively). All IT injections were made using an infusion 
pump which was preset to deliver 10 Ixl of drug or saline per 
min (Braintree Scientific, Inc.). Each drug injection was fol- 
lowed by saline (10 Ixl) to flush the IT catheter. Drug-induced 
changes in TFL were recorded 10, 20, 30 and 60 min following 
IT drug injections. The dose-response and duration studies were 
carried out for 180 min (see Fig. 1). 

To determine the involvement of opioid or serotonergic sys- 

tems in spinal morphine-induced analgesia, IT doses (15 Ixg/10 
Ixl) of the opiate antagonist naltrexone (40 nmol) or the 5-HT 
antagonists spiroxatrine (5-HT1A; 40 nmol), pindolol (5-HTtB; 
60 nmol), ritanserin (5-HT2; 31 nmol) or ICS 205-930 (5-HT3; 
53 nmol) were injected as pretreatments 10 min prior to a fixed 
analgesic dose of morphine (10 nmol). Data from preliminary 
studies demonstrated that these doses of naltrexone (present 
study) and the various 5-HT receptor antagonists effectively re- 
versed the analgesic effects of morphine or 5-HT, respectively 
(2, 3, 12). Tail-flick latency values were recorded 10, 20, 30 
and 60 min after morphine injection. 

To determine if the analgesic properties of IT morphine re- 
lied upon a spinal noradrenergic component, another group of 
rats received IT pretreatments (15 ixg) of the al-adrenoceptor 
antagonist prazosin (36 nmol) or the a2-adrenoceptor blocker 
yohimbine (38 nmol) 10 min prior to IT morphine. The effects 
of the a-adrenoceptor antagonists on spinal morphine-induced 
elevations in TFL were assessed at 10, 20, 30 and 60 min after 
morphine injection. A separate group of animals received either 
prazosin or yohimbine alone, and these agents were tested for 
an ability to alter TFL by themselves. 

Statistical Analyses 

The effects of the opioid, 5-HT and NE receptor antagonists 
on the antinociceptive effects of IT morphine were compared to 
controls receiving IT saline 10 min prior to morphine injections. 
The IT pretreatment conditions (antagonists and saline controls) 
were also injected alone and tested for an ability to alter TFL by 
themselves. Results are expressed as TFL means -S .E .M. ,  and 
all data are derived from experiments having an n of at least 6 
rats per treatment condition. Statistical analyses were done using 
a repeated-measures analysis of variance and a Dunnett's test, 
as applicable, to calculate significant differences between the 
means. Statistical significance was accepted at the 5% level 
(p<O.05). 

Drugs 

Naltrexone and spiroxatrine were obtained from commercial 
sources (Research Biochemicals, Inc.). Morphine sulfate (Na- 
tional Institute on Drug Abuse), ritanserin (Janssen Life Sciences 
Products), ICS 205-930 (Sandoz Pharmaceuticals) and phentola- 
mine (CIBA-GEIGY) were graciously donated. Drugs were pre- 
pared dally in 0.9% saline (morphine, naltrexone and yohimbine) 
or dissolved in dimethyl sulfoxide (DMSO) and diluted to vol- 
ume with saline (spiroxatrine, pindolol, ritanserin, ICS 205-930 
and prazosin). 

RESULTS 

The Analgesic Effects of Morphine Administered Spinally 

Morphine administered IT (1, 3 and 10 nmol/10 txl saline) 
dose-dependently elevated TFL in rats (Fig. 1). For instance, the 
1 nmol dose of morphine (N = 6) did not significantly elevate 
TFL above saline control values, but the 3 nmol dose (N--15) 
produced an antinociceptive response which was significantly 
greater than IT saline TFL values (p<0.05) at 30 and 60 min 
postinjection. The onset of action for the 10-nmol dose of mor- 
phine (N = 12) occurred within 20 rain postinjection, and these 
effects were elevated above IT saline control TFL values for 120 
min (Fig. 1). 

To determine if the analgesic effects of IT morphine were 
opioid receptor-mediatod, rats were pretreated with naltrexone 
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FIG. 2. Naltrexone (40 nmol) injected spinally 10 min prior to IT mor- 
phine (10 nmol) reversed the spinal antinociceptive effects of morphine. 
Each data point represents an n of 6-8 rats. Naltrexone produced no sig- 
nificant changes in TFL when administered alone. *p<0.05 compared 
to IT saline controls. 

(40 nmol IT) 10 min prior to spinal morphine injections. The 
opiate antagonist reversed the antinociceptive response to mor- 
phine for 60 rain postinjection (Fig. 2). When naitrexone was 
administered alone IT, TFL values were not significantly differ- 
ent from saline control values for 60 min postinjection. 

Figure 3 depicts the inhibitory effects of spiroxatrine (40 
nmol; N=7),  pindolol (60 nmol; N=6) ,  ritanserin (31 nmol; 
N=8)  and ICS 205-930 (53 nmol; N=7)  on morphine-induced 
spinal analgesia. The duration of action for the blocking effects 
of the 5-HT receptor antagonists on morphine analgesia varied. 
For example, the spiroxatdne-induced reversal of morphine an- 
algesia lasted for 60 min after morphine injection, whereas the 
inhibitory effects of pindolol, ritanserin and ICS 205-930 lasted 
for 30 rain after morphine injection (Fig. 3). Additionally, the 
effective inhibitory doses of the 5-HT antagonists produced no 
significant changes in the TFL for 60 min when injected alone. 

When animals were pretreated with either prazosin or yohim- 
bine 10 min before IT morphine, it was found that neither of 
the ct-adrenoceptor antagonists altered morphine-induced eleva- 
tions in TFL (Fig. 4). Additionally, the TFL response to these 
agents administered by themselves did not differ from the ef- 
fects of IT saline for 60 min postinjection. These data further 
substantiate the lack of involvement of spinal noradrenergic neu- 
ronal systems in IT morphine-induced analgesia. 

DISCUSSION 

The purpose of the present study was to investigate the role 
of s p ~  5m~ and NE in morphine-induced analgesia. The re- 
suits substantiated earlier reports that morphine injected into the 
subarachnoid space of the rat spinal cord produces a dose-de- 
pendent elevation in TFL (1, 5, 18). Pretreatment with IT nal- 
trexone reversed the spinal effects of morphine, suggesting that 
the opiate interacts with local spinal opioid receptors to produce 
analgesia following IT administration. 

The demonstration that the 5-HT receptor antagonists also at- 
tenuated IT morphine-induced analgesia implies that morphine 
may interact with local spinal 5-HT nerve terminals to produce 
elevations in TFL (1, 5, 11). Recent studies have shown that it] 
opioid receptors play an important role in the mediation of su- 
praspinal analgesia, whereas P,2 sites have been implicated in 
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FIG. 3. The analgesic effects of IT morphine (10 nmol) were signifi- 
cantly attenuated by (A) the 5-HT]A receptor antagonist spiroxatrine (40 
nmol) and the 5-HT m blocker pindolol (60 nmol). Morphine-induced 
spinal antinociception was also decreased by (B) the 5-HT 2 antagonist 
ritanserin (31 nmol) and the 5-HT s receptor antagonist ICS 205-930 (53 
nmol). N = 6--8 rats per treatment condition. *p<0.05 versus morphine 
10 nmol IT. 

spinal analgesia (9,10). Morphine interacts with spinal tz 2 recep- 
tors as well as 8 and K sites (13), and it is possible that K opi- 
oid receptors in the spinal cord mediate the 5-HT component that 
contributes to IT morphine-induced analgesia. For instance, a K 
opioid agonist known as U-50,488H has been shown to elevate 
TFL and hot plate latency in mice, and this effect was antago- 
nized by the 5-HT synthesis inhibitor p-chlorophenylalanine (14). 
In another recent study, the spinal effects of U-50,488H in mice 
were reversed by the 5-HT antagonists pindolol and methyser- 
gide, again suggesting that K-mediated analgesia is dependent 
upon serotonergic mechanisms (4). Further evidence in favor of 
this concept was provided by the demonstration that Ix and 
receptor opioids (DAMPGO and DPDPE, respectively) produced 
an antinociceptive response which was unaltered by 5-HT recep- 
tor antagonists (12). Taken together, these data suggest that the 
K opioid receptor may mediate the 5-HT component that con- 
tributes to morphine-induced spinal analgesia. 

It is not yet clear how morphine interacts with spinal 5-HT 
neuronal systems to produce analgesia, but it has been suggested 
that opiates interact with opioid receptors to enhance the release 
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FIG. 4. Morphine-induced elevations in TFL were unaltered by (A) the 
al-adrenoceptor antagonist prazosin (36 nmol) or (B) the ot2-adrenoce p- 
tor blocker yohimbine (38 nmol). *p<0.05 versus spinal saline conlrol 
TFL values. N = 6 rats per treatment condition. 

of 5-HT from local spinal serotonergic nerve terminals (11). 
Subsequently, 5-HT may contribute to the full expression of 
morphine analgesia via an activation of spinal 5-HT receptor 
sites. Although 5-HT produces an elevation in TFL in rats fol- 
lowing IT administration (1, 5, 19), investigations of the effects 
of opiates on [3H]5-HT release from rat spinal cord synapto- 
somes have not confirmed a presynaptic 5-HT-releasing action 
of morphine on spinal 5-HT nerve terminals (7). Morphine may, 
however, activate spinal 5-HT nerves indirectly via interactions 
with other neurotransmitter systems that impinge upon 5-HT 
nerve terminals in the spinal cord (7,11). Thus, although a local 
spinal 5-HT component is apparently involved in mediating the 

antinociceptive effects of IT morphine, the mechanisms underly- 
ing this interaction have not been identified. 

Since only one inhibitory dose of the individual 5-HT recep- 
tor antagonists (15 tzg) was tested against IT morphine in the 
present study, no inference can be made regarding the 5-HT re- 
ceptor subtype(s) responsible for mediating the 5-HT component 
contributing to the spinal actions of the opiate. Studies designed 
to assess individual IDso values for the effects of the different 
5-HT receptor antagonists on morphine-induced spinal analgesia 
are currently underway in this laboratory. Recent radioligand 
binding studies have demonstrated that "receptor-selective" 5-HT 
antagonists (e.g., spiroxatrine and rltanserin) also interact equi- 
potently with tx, ~ and K opioid receptor subtype sites at high 
concentrations (8). In light of these findings, it is possible that 
the inhibitory actions of the 5-HT receptor antagonists on mor- 
phine analgesia in the present study were due to a naloxone-like 
blockade of spinal opioid receptors. However, the recent dem- 
onstration that the spinal antinociceptive effects of DAMPGO 
and DPDPE were unaltered by spiroxatrine, pindolol, ritanserin 
or ICS 205-930 (12) makes it unlikely that the 5-HT receptor 
antagonists are interacting with opiate sites to inhibit morphine- 
induced spinal analgesia. 

When the a-adrenoceptor antagonists prazosin or yohimbine 
were injected IT as a pretreatment to morphine, the spinal anal- 
gesic effects of the opiate were unchanged. It was proposed ear- 
lier that the K opioid site might be responsible for mediating the 
5-HT link associated with the spinal analgesic action of mor- 
phine, and it is interesting that the antinociceptive effects of 
U-50,488H were also unchanged by prazosin and et2-adrenoce p- 
tor antagonist idazoxan (4). In the present study, prazosin and 
yohimbine (at doses that effectively blocked the spinal antinoci- 
ceptive effects of NE) failed to reverse morphine-induced anal- 
gesia. Taken together, these results provide evidence against a 
contribution of spinal NE to the analgesic effects of IT morphine 
(1, 5, 11). 

In summary, the present data suggest that morphine produces 
its spinal antinociceptive effects by interacting with spinal opi- 
oid receptors. The finding that 5-HT receptor antagonists, but 
not ct-adrenoceptor antagonists, reverse the analgesic effects of 
morphine suggests that a local spinal serotonergic link contrib- 
utes to morphine-induced antinociception. Moreover, since the 
analgesic effects of K agonists have been found to be strongly 
dependent upon the serotonergic system (4,14), it is possible that 
spinal K opioid receptors mediate the 5-HT component involved 
in morphine-induced analgesia. Further studies are required to 
clarify the relationship between spinal opiate analgesia and the 
involvement of endogenous monoaminergic neurotransmitters. 
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