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Analgesia Mediated by a Direct Spinal Action of Narcotics

Abstract. Narcotic analgetics administered directly into the spinal subarachnoid
space of the rat via a chronically inserted catheter produce a potent analgesia that
can be antagonized by naloxone. The narcotics, acting only at the spinal level,
changed cord function to block not only spinal reflexes but also the operant response

to painful stimuli.

Morphine, acting within the mesence-
phalic central gray matter alone, can sig-
nificantly elevate the nociceptive (pain)
threshold (7). This observation suggests
that narcotic analgesia may be principal-
ly mediated by a unique action of the
drug upon this supraspinal structure. We
now present evidence, however, that the
direct injection of narcotics into the spi-
nal subarachnoid space, producing an ac-
tion limited entirely to the spinal cord,
can also produce a well-defined, dose-
dependent analgesia in the intact and be-
having animal.
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To permit the long-term administra-
tion of drugs into the spinal subarach-
noid space, polyethylene catheters (2)
were inserted through a slit made in the
cisternal membrane of the anesthetized
rat. The catheter was cut to extend to the
level of the lumbar enlargement and was
affixed to the back of the skull with stain-
less steel screws and dental acrylic. Af-
ter a 2-week recovery period, S ul of
drug solution (3) was injected by a gear-
driven pump (5 ul of vehicle was given
immediately to wash the catheter). We
assessed the pain threshold with both a

spinally mediated response, the tail flick
), and responses that have a supraspi-
nal component, namely, the hot-plate re-
sponse (5) and -the squeak-escape re-
sponse (6).

Narcotics administered into the sub-
arachnoid space of the spinal cord ele-
vated the analgetic thresholds (Fig. 1).
All elevated thresholds produced by
these narcotics could be antagonized
by naloxone injected either intraperi-
toneally (0.5 to 2.0 mg per kilogram
of body weight), or directly into the spi-
nal catheter (0.1 to 3.0 ug). The time of
onset of the analgesia varied with the
drug; fentanyl produced marked changes
within 2 to 3 minutes, but morphine, co-
deine, and ethylmorphine required about
twice as long. Similarly, the duration
of action was drug- and dose-depen-
dent, with the effects of fentanyl lasting
20 to 30 minutes and those of morphine
lasting as long as 2 hours.

The withdrawal-squeak response to
hindpaw pinch was attenuated with the
same time course as that observed in the
hot-plate test. In contrast, the forelimbs
and, particularly, the face remained nor-
mally sensitive to pinch. After 40 to 60
minutes, however, with the higher dose
of morphine, the forepaws would also
begin to lose their responsiveness. The
face, however, never became in-
sensitive.

To further verify that the change in the
thresholds represented a change in the
animal’s perception of stimulus in-
tensity, we performed experiments using
the operant shock titration procedure
(7). In these experiments, fentanyl (5 ug)
and morphine (15 ug) produced a uni-
form elevation in the level of tolerated
shock to between two and three times
the threshold in the absence of drugs.

We were concerned that the intra-
thecally injected narcotics were moving
rostrally to supraspinal structures either
by diffusing through the subarachnoid
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Fig. 1. Log dose-response curves for fentanyl citrate (A), morphine sulfate (®), codeine alkaloid (M), and ethylmorphine hydrochloride (%) ob-
tained on the tail-flick and hot-plate tests. The vertical bars are standard errors of the mean. Each point is the mean response of at least four animals,
plotted in terms of the percentage of maximum effect (15).
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space or by moving into blood and
thence to other sensitive structures.
With regard to the first alternative, in-
jections of dye (10 ul, 5 percent bro-
mophenol blue) showed intense staining
limited to spinal segments not more than
1.0 to 1.5 cm distant in either direction.
Moreover, the absence of an initial effect
upon the forelimbs suggests that the
more rostral spinal segments were not
initially affected by the lumbar injection.
With regard to the second alternative,
the intravenous injection of 15 ug of mor-
phine did not alter the requnsé of the an-
imal on any of the three measures em-
ployed (8). The assumption that the spi-
nally administered morphine did not
move into more rostral brain regions was
further substantiated on the basis of stud-
ies in which *C-labeled morphine sulfate
was administered through the spinal cath-
eter and animals were sacrificed at inter-
vals of up to 60 minutes after the in-
jection. At even the longest intervals,
neither forebrain nor brainstem radio-
activity ever exceeded 0.15 percent of
that recovered from the spinal cord. It
thus seems certain that the behavioral ef-
fects observed resulted from a local phar-
macological action of these narcotics on
the lower spinal segments. Injections of
the potent local anesthetic dibucaine (1
to 10 ug) not only blocked responding on
the experimental tasks, but unlike
equipotent doses of morphine, it resulted
in pronounced motor incoordination.
Moreover, such effects produced by
dibucaine were not antagonized by nalox-
one.

Morphine can antagonize reflexes (9)
and alter evoked spinal activity in ani-
mals with sectioned spinal cords (/0), as
well as depress the discharge (by local
iontophoresis) of spinal units responding
characteristically to strong peripheral
stimuli (/7). Moreover, narcotics given
by arterial injections directed toward the
spinal cord are more potent in blocking
the monosynaptic reflex than when they
are injected intravenously (/2). Such
findings, while showing a pharmacolog-
ical action of narcotics at the cord level,
do not indicate that the physiological ef-
fect observed after analgetics have been
systemically administered plays any role
in the animal’s perception of or response
to environmental stimuli. Our principal
finding, therefore, is that narcotics exert
a direct, pharmacologically specific ef-
fect on spinal function, which diminishes
the response of the intact, behaving ani-
mal to otherwise aversive peripheral
stimulation. Although the mode of action
of spinally administered narcotics is not
clear, the fact that they were effective in
antagonizing responses to the hot-plate
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and pinch and elevated the operantly de-
fined shock titration threshold indicates
that the narcotic effect was not due sim-
ply to a local attenuation of reflex activi-
ty. Substantial stereospecific binding of a
narcotic occurs within the spinal cord in
the vicinity of the substantia gelatinosa
(13). In light of this binding and of the
proposed importance of the substantia
gelatinosa to the transmission of noxious
stimuli (/4), it is reasonable, if specula-
tive, to suggest that narcotics directly
modulate the activity of the substantia
gelatinosa. Two things remain to be de-
termined: (i) the relative importance of
this narcotic-sensitive spinal system
compared to supraspinal systems, and
(i) the specific role played by the spinal
cord in the mediation of the analgesia ob-
served following the systemic adminis-
tration of narcotics.
ToNy L. YAKSH

THoMas A. Ruby
School of Pharmacy, University of
Wisconsin, Madison 53706
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Evolution on the Level of Communities

Abstract. According to traditional models, natural selection is largely insensitive
to an organism’s effect on its community. Effects on the community at large cannot
feed back differentially to the organisms that cause them, and, hence, cannot lead to
the differential fitness of the organisms. However, if a spatial variation exists in com-
munity composition, organisms do differentially feel their own effects on the commu-
nity, and this leads to a form of evolution on the community level. Without violating
the principle of individual selection, the concept of an organism that exists for the
“function’’ it performs in its community may be valid in some cases.

The idea that biological communities
are ‘‘super-organisms’’ has arisen many
times in the history of science (/). In this
analogy a species is likened to an organ
whose function can only be understood
in terms of its role in the maintenance of
a larger whole.

At present there is little theoretical

support for the super-organism concept.
Current evolutionary theory explains the
traits of species in terms of their advan-
tage to individuals; community func-
tions, if they exist, are viewed as coinci-
dental.

Elsewhere I and others have presented
a model of structured demes that leads to
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