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LORENS, S. A. AND L. M. YUNGER. Morphine analgesia, two-way avoidance, and consummatory behavior following
lesions in the midbrain raphe nuclei of the rat. PHARMAC. BIOCHEM. BEHAV. 2(2) 215-221,1974. — Rats with
lesions in the median raphe nucleus (MR group) or in both the dorsal and median raphe nuclei (R group) were com-
pared with operated control animals on the following measures: telencephalic serotonin (5-HT) concentration; daily
water consumption; acquisition of a two-way conditioned avoidance response; and morphine analgesia. Both lesions
produced significant reductions in telencephalic 5-HT, reaching 33% in the MR group and 57% in the R group. Tran-
sient increases in water intake were observed in both groups, being more prolonged and of greater magnitude in the R
group. On the other hand, facilitated shuttlebox avoidance learning was observed only in the R group. Neither lesion
affected pain sensitivity or morphine (3—9 mg/kg) analgesia as measured by the hot-plate technique. Therefore, while
the midbrain raphe appears to be involved in the regulation of water intake and some behavioral responses to painful
stimuli, lesions in these nuclei and reduction of telencephalic 5-HT are not sufficient to block morphine analgesia.
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REDUCTION in central 5-hydroxytryptamine (5-HT) con-
centration following either lateral hypothalamic medial
forebrain bundle (MFB) lesions or parachlorophenylalanine
(pCPA) administration [10, 12, 24] has been observed to
increase sensitivity to painful stimuli as measured by the
flinch-jump technique. In addition, hypersensitivity to nox-
ious stimuli subsequent to 5-HT reduction has been sug-
gested to underly the facilitated acquisition of an avoidance
response (CAR) following pCPA in the rat [24] and mid-

Hrai lesi i
brain raphe lesions in both the rat [16] and the cat [14].

Both pCPA treatment [25] and raphe lesions [21,22]
have been reported to counteract the analgesic effect of
morphine. These observations, however, have not received
support from work in other laboratories. Harvey and

Yunger [10] found that neither pCPA nor MFB lesions
altered the analgesic potency of morphine as measured by
the flinch-jump method. Blisig et al [1] and Reinhold et
al. [20] have reported that neither raphe lesions, pCPA, nor
intraventricular 5,6-dihydroxytryptamine affected mor-
phine analgesia as measured by vocalization elicited by elec-
trical stimulation of the tail. Buxbaum et ¢/. [3] found that
neither midbrain raphe lesions nor pCPA affected the anti-
nociceptive effect of morphine as measured by the hot-
plate and tail-flick procedures.

Since there were several differences in the procedure
utilized in these studies (for example, lesion locus and size;
sex of animals used; and, analgesia test employed) we

attempted to replicate the studies of Samanin and his co-
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workers [21,22]. In addition, two of the behavioral effects
of raphe lesions (elevated water intake and facilitated two-
way CAR learning [4, 14, 16]) were determined as mea-
sures of lesion adequacy other than histological analysis and
reductions in telencephalic 5-HT concentration.

METHOD

Animals

Eighty-two adult female rats (Sprague-Dawley) weighing
238 * 2 g at the time of surgery were used. The animals
were housed individually in Acme metabolism cages in a
temperature- (72 + 2°F), humidity- (37—54%), and illumi-
nation- (12 hr light, 12 hr dark cycle) controlled room.
Ground rat chow and tap water were available ad lib.

Surgery and Histology

Electrolytic lesions were produced under ether anaes-
thesia by passing 2 mA d.c. for 20 sec through an intra-
cranial cathode and a rectal anode. The cathode was a
0.25 mm diameter tungsten wire insulated with Epoxylite
except for 0.5 mm of its tip. The lesion co-ordinates were:
midline (that is, 0.0 lateral), 6.9 mm caudal to bregma, and
6.5 mm (for the dorsal nucleus) and 8.5 mm (for the
median nucleus) below the surface of the skull. A Kopf
stereotactic instrument was employed with the incisor bar
set 3.2 mm above the interaural plane. In order to avoid
damage to the mid-sagittal sinus the electrode was posi-
tioned 1 mm lateral to the midline, inserted 2 mm into the
brain, returned to the midline, then lowered to the appro-
priate ventral co-ordinate. Lesions were produced in the
median raphe (MR group) nucleus (n = 27) or in both the
dorsal and median raphe (R group) nuclei (n = 27). Control
animals (n = 28) underwent the same surgical procedure
except that an electrode was not lowered into the brain. All
animals received 75,000 units of penicillin G intramuscular-
ly immediately post-operatively.

At the completion of the experiment the brainstems
from 8 rats with median raphe lesions and 6 with dorsal
plus median raphe lesions were processed for histological
analysis. The brainstems were placed in 10% Formalin for
at least 3 weeks, embedded in paraffin, then cut at 16 u.
Every tenth section was saved and stained by the thionin
technique. The material thus obtained was examined micro-
scopically and photographed.

Serotonin (5-HT) and Norepinephrine (NE} Determinations

The telencephalic concentrations of 5-HT and NE were
measured spectrophotofluorometrically in the same manner
as previously described [15]. In brief, 5-HT levels were
analyzed by the method of Bogdanski ef al. [2] and NE
content by the Crout et al. [5] technique.

Apparatus

Analgesia was determined by the hot-plate method as
previously detailed [27]. In short, the rat was placed on a
copper surfaced (55-55.5°C) cylinder containing boiling
acetone and its paw lick latency measured. If the rat did
not respond within 30 sec, it was removed and returned to
its home cage. CAR training was conducted in a shuttlebox
as previously described [15].

Procedure

Following an adaptation period of 1 week, the 24 hr
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food and water intakes of almost all rats were measured for
the 5 day period immediately preceding surgery and for the
first 15 days postoperatively. Body weights were obtained
every fifth day.

On the twentieth post-operative day the lesion and
operated control groups were subdivided randomly into 4
subgroups. Each subgroup received either saline (1 ml/kg)
or morphine sulfate (3, 6, or 9 mg/kg, calculated as the
base) subcutaneously. Paw lick latencies were obtained 30
min before and 30, 60, and 90 min after injection.

On the thirtieth post-operative day 27 randomly selected
rats (9 from each lesion group and 9 from the operated
control group) underwent CAR training. The procedure
followed was identical to that already described [15]. In
brief, the animals received a maximum of 120 conditioning
trials (10 trials/days) or were run until criterion (18
avoidance responses in last 20 trials) was reached. On Day 1
the first conditioning trial commenced 5 min after the rat
entered the apparatus. On subsequent days the first trial
began 1 min after the rat was placed in the shuttlebox. The
CS was the sound from a conventional door buzzer, while
the UCS was a 0.5 sec constant current (0.5 mA) shock.
The CS-UCS interval was 5 sec, the CS being terminated
upon the performance of either an escape or avoidance
response. The animals were shocked only when motionless
or moving in a direction away from the barrier. Inter-trial
barrier crossings were recorded but not punished.

Twenty-six other rats (10 controls and & from each
lesion group) were decapitated and their brains rapidly
removed. The telencephali then were dissected free and
analyzed for 5-HT and NE. The brainstems of the lesion
animals were placed in Formalin for histological analysis.

The remaining 29 rats were sacrificed without further
testing.

RESULTS
Histological and Neurochemical Analyses

The lesions destroyed the caudal 30—80% of the median
raphe nucleus. The damage extended caudally into the
pontine raphe nucleus but completely spared the pontine
tegmental reticular nucleus. Unilateral involvement of the
tectospinal tract, medial longitudinal fasciculus, and ventral
tegmental nucleus of Gudden was observed in all MR lesion
animals (Fig. 1).

In the R lesion group, damage to the median raphe nuc-
leus was as described above. The lesions in the dorsal nuc-
leus were confined to its caudal 25—75%. These lesions also
extended into both the superior cerebellar peduncle and
dorsal tegmental nuclei of Gudden (bilaterally in one rat).
A representative lesion is shown in Fig. 1.

Lesions restricted to the median raphe nucleus produced
a significant 33% reduction in telencephalic 5-HT without
affecting NE concentration (Table 1). The lesions involving
both the median and dorsal nuclei produced a significant
57% fall in telencephalic 5-HT which was accompanied by a
significant 16% decrease in NE. The 5-HT content of the R
group was significantly lower than that of the MR group,
whereas the difference in NE content of the two lesion
groups was not significant (Table 1).

As the lesions did not involve either the dorsal or ventral
ascending NE pathways as defined by Ungerstedt [26], the
16% NE fall in the R group (Table 1) is probably not due to
damage of these fiber systems. The lesions, furthermore,
did not invade any of the midbrain dopamine cell groups
(A8-10) [26].
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FIG. 1. Photomicrographs (X23) of representative lesions (at the
level of the nucleus reticularis tegmenti pontis) in the median raphe
nucleus alone (MR) and in both the dorsal and median raphe nuclei
(R). The MR and R lesions depicted produced a 27% and a 50%
reduction, respectively, in telencephalic 5-HT content. Abbrevia-
tions: bc: brachium conjunctivam (superior cerebellar peduncle); rf:
reticular formation; rtp: pontine tegmental reticular nucleus; vtg:
ventral tegmental nucleus of Gudden.
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TABLE 1
MEAN (+ SEM) TELENCEPHALIC CONCENTRATION (ug/g) OF 5-HYDROXYTRYPTAMINE
(5-HT) AND NOREPINEPHRINE (NE)
Group n NE % p* S-HT % p*
Control 10 0.31 001 - - 0.54 + 0.01 - -
Median Raphe 8 0.29 + 0.01 -6 NS 0.36 + 0.03 -33 <0.02
Median-Dorsal Raphe 8 0.26 + 0.01 -16 <0.02 0.23 £ 0.05 =57 <0.002
(NS) (<0.038)
*Determined by Mann-Whitney U test, two-tailed; p’s in parentheses refer to differences between
lesion groups.
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F1G. 2. Mean 5 day pre- and post operative food and water consumption: * = significantly higher than control group. ** = significantly higher
than both the control and MR groups. *** = significantly less than the other two groups. MR = group with lesions in the median raphe
nucleus alone. R = group with both dorsal and median raphe nucleus lesions.

Food and Water Consumption (Fig. 2)

Food intake was significantly reduced in all three
groups, but only during the first 5 post-operative days. The
MR group, furthermore, showed the largest reduction.
Water intake, in contrast, was significantly increased in
both lesion groups. The increase in the R group was of
greater magnitude and more prolonged than that in the MR
group.

Morphine Analgesia (Table 2)
The animals all appeared healthy post-operatively, no

gross neurological or behavioral abnormalities being ob-
served. On the day of analgesia testing the groups showed
no differences in body weight (controls, M + s.e.m. = 269 +
3 g; MR group, 274 + 4 g; and, R group, 266 = 4 g). The paw
lick latencies of the three groups did not differ at the time
of the pre-drug test (controls, M * s.e.m.= 8.6 = 1.0 sec;
MR group, 7.3 = 0.5 sec; and, R group, 9.8 + 1.0 sec).

In comparison to the control animals, the midbrain
raphe lesions did not affect morphine analgesia. However,
an analysis of variance (three-factor mixed design: repeated
measures on one factor) did reveal a significant lesion ef-
fect (F(2, 70) = 3.67, p<0.05). Individual comparisons
indicated that the only group differences for a given dose



MORPHINE ANALGESIA AFTER MIDBRAIN RAPHE LESIONS

TABLE 2
EFFECT OF MORPHINE ON PAW-LICK LATENCY (SEC) IN LESION AND CONTROL RATS
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Time (min) Before and After Injection

Group/Dose N Pre 30 30 Post 60 90
Control
Saline 7 10.1£13 7007 6.6+0.7 71+13
3.0 7 82108 7614 59+13 59:+0.7
6.0 7 84112 22237 164 :40 122+ 46
9.0 7 7.8+0.5 30.0+0.0 27921 227 +37
Median Raphe .
Saline 7 691+0.6 7.0+1.2 58+0.7 6014
3.0 6 6.6+09 6517 41+04 37+:06
6.0 7 84+15 23940 23235 154:43
9.0 7 72+10 288 +1.2 25523 227+ 3.8
Median-Dorsal Raphe
Saline 7 9.0:1.6 841+1.35 77+10 65+10
3.0 6 110+ 3.7 126+1.3 127:23 87+1.6
6.0 7 97+1.7 250258 248 £33 175 +45
9.0 7 96+1.6 30.0 0.0 29.1:09 27.0+28
TABLE 3
PERFORMANCE DURING TWO-WAY AVOIDANCE CONDITIONING
Trials to Errors to Crossings Total Intertrial
Criterion Criterion First § Min Crossings
Group N M + SEM p* M + SEM 4 M + SEM p M + SEM P
Control 9 111+ 6 - 100 + 10 - 2=1 - 7+2 -
Median Raphe 9 93 +13 NS 74 £ 15 NS 3x1 NS 35+ 10 <0.002
Median-Dorsal Raphe 9 67 £ 11 =0.002 38+ 10 <0.002 611 <0.002 66 + 28 <0.002
(NS) (NS) (<0.02) (NS)

*Determined by Mann-Whitney U test, two-tailed; p’s in parentheses refer to differences between lesion groups.

were between the MR and R groups 60 and 90 min after
3.0 mg/kg morphine (Table 2). In both cases, the paw lick
latency of the MR group was significantly shorter than that
of the R group (U= 2, n, /n, =6/6, p<0.008).

As expected, the degree of morphine analgesia was a func-
tion of the dose (F(3, 70) = 54.84, p<0.001), time after
injection (F(3, 210) = 54.84, p<0.001), and of the time x
dose interaction (F(9, 210) = 28.59, p<0.001). The dose X
lesion, time X lesion, and time X dose X lesion interactions
were not significant.

Conditioned Avoidance Behavior (Table 3)

Only 3 of the MR and 2 of the control rats learned the
avoidance task within the alloted 120 trials. In contrast, 7
of the R lesion rats reached criterion within 120 trials.
Thus, a significantly greater number of R lesion than
control animals acquired the CAR (p = 0.05, Fisher Exact
Test). If a score of 120 was given animals not learning
within 120 trials, the R lesion group acquired the CAR in
significantly fewer trials than the control group. Analysis of
the number of errors committed showed the same result.
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The R lesion group, however, did not differ significantly
from the MR group on any of these measures of CAR
performance.

The R lesion group made a significantly larger number of
barrier crossings during their first 5 min in the shuttlebox
than either the MR lesion or control groups. In addition,
both lesion groups showed a significantly larger number of
inter-trial crossings during the course of conditioning.

DISCUSSION

The results of this study are in agreement with those
which have previously reported transient elevations in water
intake [4,16] and facilitated two-way CAR acquisition
[16] following simultaneous ablation of both the dorsal
and median raphe nuclei of the rat. Lesions confined to the
median raphe nucleus alone, however, failed to affect
shuttlebox CAR performance, and had a lesser influence on
water consumption. On the other hand, we recently have
shown that median raphe lesions alone, as well as dorsal
plus median raphe lesions, retard the acquisition, retention,
and forced extinction of a one-way CAR (Srebro and Lorens,
manuscript in preparation). Thus the effects of mid-
brain raphe lesions on avoidance learning appear to be de-
pendent on the task employed, the locus and extent of the
damage, and on the degree of the associated reduction in
telencephalic 5-HT.

The transient elevation in water intake following mid-
brain raphe lesions could be related to a corresponding
reduction in forebrain acetylcholine (ACH) level. A correla-
tion between increased water consumption and reduced
brain content of ACH has been observed following septal
lesions [18,23]. This relationship, however, has been ques-
tioned recently [17]. Nevertheless, Lewis and Shute [11]
have reported that ascending ACH fibers originate in the
midbrain raphe nuclei, and Pepeu (unpublished data, 1973)
has found that midbrain raphe lesions produce a fall in
brain ACH concentration.

The primary intent of the present study was to replicate
the results of Samanin and co-workers [21,22]. Clearly, we
failed in this endeavor, although we used the same sex (fem-
ale) and strain (Sprague-Dawley) of rats with arnroximately
the same body weights; the same analgesia test (hot-plate
method); approximately the same doses of morphine sul-
fate; and, seemingly the same lesions. The only obvious
difference in the two studies is that Samanin ez al. [22] ran
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their analgesia tests 7 days post-operatively whereas ours
were conducted on the twentieth post-operative day.

There are, however, two other possible explanations for
the discrepant results. First, Samanin et al. {22] reported a
74% reduction in forebrain 5-HT following their median
raphe lesion as measured one week post-operatively. We
have never obtained such a dramatic decrease in either fore-
brain or telencephalic 5-HT concentration subsequent to a
median raphe lesion alone. On the other hand, we have
consistently employed much longer survival times. Never-
theless, it is quite surprizing that a 74% decrease in fore-
brain 5-HT after a median raphe lesion alone can be dis-
cerned only 7 days post-operatively {22] when reductions
in brain 5-HT content following MFB lesions are seemingly
not complete until the twelfth post-operative day [8,19],
and especially since forebrain 5-HT would appear to depend
not only on the B8 (median raphe nucleus) but the B7
(dorsal raphe nucleus) and B9 cell groups as well [6,7]. It
thus would appear that the median raphe lesions of the
Samanin group are quite large and produce a greater reduc-
tion in brain 5-HT than either our R or MR lesions, or those
of Blisig et a/. [1]. It should be pointed out, however, that
we [13,16], as well as Buxbaum er al. [3], have observed
75—-85% falls in telencephalic and forebrain 5-HT concen-
tration, but only after simultaneous destruction of areas B7
and BS.

The second possible source of difference is the puzzling
footnote (a) in Table 1 of Samanin et ¢/. [22] in which it is
stated that animals ‘“‘not responding within 45 sec’ are not
represented. It is thus possible that not all control and
lesion animals injected with morphine were included in
their final analysis. Thus, at best, the Samanin et al. [22]
results appear to be due to the acute effects (like the tran-
sient elevation in water intake observed in the present as
well as previous studies [4,16] of raphe lesions and possibly
only in a select group of animals. In this respect, it is un-
fortunate that we did not conduct our analgesia tests on the
seventh post-operative day, as did Samanin er al. [22]. It
should be noted, however, that both Blisig er a/. [1] and
Buxbaum et al. [3] tested their raphe lesion rats 8—15 days
post-operatively and did not find any effect on morphine
analgesia. Therefore, it would appear that reductions in
brain 5-HT following lesions in the midbrain raphe nuclei
do not influence the antinocicaptive action of morphine.
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