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LEANDER, J. D. Comparison of morphine, meperidine, anileridine, and alphaprodine on schedule-controlled responding 
and analgesia. PHARMAC. BIOCHEM. BEHAV. 12(5) 797-801, 1980.--The effects of morphine, meperidine, alpha- 
prodine, and anilefidine were studied alone and in the presence of 1 mg/kg of naloxone in rats on level pressing under a 
fixed-ratio 20-response schedule of food presentation and on tail-withdrawal latency from warm water (55°C) as a measure 
of analgesia. All four narcotics decreased rates of lever pressing and increased tail-withdrawal latencies. Naloxone 
antagonized the effects of all four narcotics on tail-withdrawal, but did not antagonize the rate-decreasing effect of 
meperidine on lever pressing. Naloxone shifted the morphine dose-effect for lever-pressing by a factor of 4--8; the alpha- 
prodine dose-effect curve by a factor of 4-8; and the anileridine dose-effect curve by a factor of 2. These results strengthen 
the interpretation that meperidine's effect on schedule-controlled responding is not mediated by a narcotic action whereas 
the analgesic effect is. The results also suggest that anileridine has significant non-narcotic actions like meperidine. 
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THE effects of morphine and other narcotics on schedule- 
controlled behavior have been shown repeatedly to be 
antagonized by narcotic antagonists such as naloxone, nal- 
trexone, and cyclazocine [3, 4, 10, 16, 19]. An exception to 
this general statement is the effects of meperidine on the 
schedule-controlled behavior of pigeons and rats. In pigeons 
responding under a multiple fixed-ratio, fixed-interval 
schedule of food presentation, meperidine decreased re- 
sponding at doses of 10 mg/kg and above [16]. Doses of 
naloxone from 1 to 30 mg/kg and cyclazocine from 0.1-3 
mg/kg were completely ineffective in antagonizing the rate- 
decreasing effects of meperidine. Likewise, in rats receiving 
food pellets under 3 different interval schedules of food pre- 
sentation, meperidine decreased both schedule-induced be- 
havior (adjunctive drinking) and schedule-dependent behav- 
ior (drinking or lever pressing) in a dose-related fashion, and 
naloxone was again ineffective in antagonizing these rate 
decreases [18]. In contrast,  the effects of morphine, 
methadone, and etonitazene were antagonized by naloxone 
under all three schedules of food presentation. This lack of 
antagonism of meperidine 's  rate decreasing effects by nar- 
cotic antagonists has been somewhat surprising since nar- 
cotic antagonists are effective in antagonizing the analgesic 
effects of meperidine in man and various laboratory animals 
[ 1 , 2 , 5 , 7 ] .  

The effects of two meperidine analogues also have been 

studied on the responding of pigeons under a multiple fixed- 
ratio, fixed-interval schedule of food presentation [13]. 
Naloxone was effective in antagonizing only slightly the 
rate-decreasing effects of 10 mg/kg of anileridine and alpha- 
prodine, whereas the rate-decreasing, dose-effect curve for 
fentanyl (a potent narcotic agonist) was shifted by 10-20 fold 
by the same dose of naloxone. The effects of anileridine and 
alphaprodine were studied because they are analogues of 
meperidine and in the same potency range as meperidine. 
Also, anileridine shares with meperidine the non-narcotic, 
convulsant metabolite, normeperidine [17], whereas alpha- 
prodine is not metabolized to norrneperidine. Normeperidine,  
like meperidine, produces rate-decreasing effects on sched- 
ule-controlled responding which cannot be antagonized by 
naloxone [14]. 

The purposes of the present experiment were to evaluate 
the effects in rats of meperidine, anileridine, and alpha- 
prodine alone and in the presence of naloxone on schedule- 
controlled behavior and compare the schedule-controlled 
behavior to the analgesic effects of these drugs. Thus in each 
rat both the effect on schedule-controlled responding and a 
measure of analgesia were determined so that a direct com- 
parison could be made in terms of naloxone's  ability to 
antagonize the drug effects on these two behaviors. A sec- 
ondary purpose was to determine if there were any differ- 
ences between albino and hooded rats in terms of naloxone's  
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TABLE 1 

CONTROL DATA 

Number of 
Running control 

Rat no. weight sessions 

Mean control (_+SD) 
Mean control withdrawal 

(+_SD) resp./min latency in sec 

Morphine rats (albino) 
61 300 g 10 
62 300 g 9 
63 300 g 10 

64 300 g 8 

Meperidine rats (albino) 
65 300 g 8 
66 300 g 7 
67 300 g 7 
68 300 g 8 

Alphaprodine rats (albino) 
47 380 g 13 
49 380 g 13 
60 280 g 14 
74 300 g 10 

Anileridine rats (albino) 
70 300 g 13 
71 300 g 12 
72 320 g 11 
73 300 g I 1 

Meperidine rats (hooded) 
L- 1 300 g 11 
L-2 300 g 15 
L-3 300 g 10 
L-4 300 g 10 
L-5 300 g 12 
L-6 300 g 10 

76.1 (6.1) 2.6 (0.9) 
75.3 (7.5) 4.0 (1.0) 
61.1 (12.0) Lost the terminal 

portion of tail 
49.9 (7.3) 3.6 (1.7) 

87.5 (18.2) 3.3 (0.7) 
80.0 (2.3) 4.6 (1.4) 
53.3 (6.6) 4.0 (1.3) 
94.9 (11.2) 4.5 (1.1) 

77.9 (5.6) 3.9 (1.2) 
99.0 (11.0) 4.2 (1.4) 
49.3 (10.0) 5.1 (1.2) 
75.7 (8.3) 3.2 (0.5) 

91.2 (11.3) 3.2 (1.1) 
92.6 (9.1) 2.6 (0.9) 
70.0 (7.1) 4.5 (0.8) 
77.0 (3.8) 5.8 (0.8) 

63.9 (16.9) 4.8 (1.1) 
65.3 (13.6) 4.9 (0.4) 
67.4 (16.5) 4.1 (0.9) 
55.9 (18.9) 3.8 (1.5) 
80.0 (24.1) 3.0 (1.3) 
54.0 (5.5) 3.1 (1.2) 

inability to antagonize meperidine's rate-decreasing effects 
on schedule-controlled responding. 

METHOD 

Animals 

Sixteen male Sprague-Dawley derived albino rats and six 
male Long-Evans derived hooded rats obtained from Charles 
River were used. All rats were approximately 120 days of age 
at the beginning of  the experiments, except for 2, which were 
considerably older. Running weights were maintained at 300 
g (380 g for the two older rats) by food pellets delivered in the 
test sessions and by postsession supplemental feeding. Tap 
water was freely available in the home cages. 

Apparatus 

The test cage measured 25 cm wide, 29.5 cm long, and 
28.5 cm high and was housed within a sound and light at- 
tenuating, ventilated chamber. Noyes rat pellets (97 mg) 
could be dispensed into a receptacle in the middle of the 
front panel of the test cage. To the right of  the test cage was a 
retractable rat lever (Coulbourn), a force of 0.15 N operated 
the lever and defined a lever press response. During test 
sessions, a 24 vac house-light illuminated the test cage. 

Drugs 

The drugs used and the forms in which the doses were 
calculated are: morphine sulfate, meperidine hydrochloride, 
alphaprodine hydrochloride, anileridine dihydrochloride, 
and naloxone hydrochloride. All drugs were dissolved in 
distilled water and distilled water was administered as 
control (non-drug) injections. Injections were made intra- 
peritoneally (IP) in a volume of 1 ml/kg of body weight (2 mi 
for the 80 mg/kg dose of morphine). When interactions 
of a narcotic with naloxone were studied, both injections 
were given IP in no deliberate order within 10 sec of each 
other. In the determination of dose-effect relationships, drug 
injections were given usually on Tuesdays and Fridays, with 
Thursdays serving as water-injection control days. Usually, 
each animal of a group experienced a different order of 
agonist and naloxone + agonist dose determinations. Injec- 
tions occurred immediately before being placed in the test 
chamber. 

Procedures 

Each test session started with a 10 min time-out in the test 
chamber, where the houselight was off and lever presses 
produced no consequences. During the 20 rain test session, 
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FIG. 1. Effects of morphine (left) and meperidine (right) alone and in 
the presence of 1 mg/kg of naloxone on rate of lever pressing under a 
FR 20 schedule of food presentation and on latency to withdraw tail 
from 55°C water. Ordinate: Upper, rate of responding as a % of each 
animal's control (non-drug) rate of responding under the FR 20 
schedule; Lower, absolute latency in seconds for tail withdrawal. 
Abscissa, mg/kg dose of drug. The dashed line at approximately 75% 
of control lever responding indicates 2 standard deviations below the 
control level of 100%. The dashed line at approximately 6 second of 
the latency for tail withdrawal indicates 2 standard deviations above 
the control mean. Any mean point below the dashed line for lever 
pressing and above the dashed line for latency was considered a 
significant effect. Each point (and bracket) is the mean (and SEM) of 
4 animals. A point without a bracket indicates that the SEM was less 
than the radius of the point. Filled circles indicate the effects of 
narcotic agonists alone; unfilled circles indicate the effects of 1 
mg/kg naloxone alone (as above N) and effects of the agonists in the 
presence of 1 mg/kg of naloxone. 

which was signaled by houselight illumination, each lever 
press produced an auditory "click" from a feedback relay, 
and every 20th lever press produced food pellet delivery (FR 
20-response schedule of reinforcement) plus a momentary 
extinguishing of the houselight. All programming and record- 
ing equipment were housed in an adjacent room. For indi- 
vidual rats, control rates of lever pressing ranged from 49 to 
99 responses/min (Table 1). 

The test used to determine the analgesic effects of these 
drugs was the tail withdrawal reflex induced by application 
of warm water to the tail [12]. Immediately after the test 
session ended on drug or water injection days, the rat was 
removed from the test chamber and placed in a standard rat 
holder with the tail hanging free outside the holder. The la- 
tency for the terminal 5 cm of the rat 's tail to be withdrawn 
from 55°C water was taken as the measure of nociception. If 
the animal did not remove his tail within 15 sec, the tail was 
removed from the water by the experimeter and the latency 
was assigned a value of 15 sec (15 sec cut-off time). Mean 
control latencies for individual animals ranged from 2.6 to 
5.8 sec (Table 1). These data were similar to those in previ- 
ous reports using this measure of analgesia [12,21]. 

In a separate time course study of morphine and 
meperidine, the analgesic effects were comparable at time 
periods of 10 and 30 min after IP injection. Likewise, the 
effects of anileridine and alphaprodine appear relatively 
constant over the time period 10-30 min after IP injection. 
Thus the fact that in the present study the lever pressing 
behavior preceded the analgesia measure was not considered 
to affect the outcome of the study. 
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FIG. 2. Effects of alphaprodine (left) and anileridine (right) alone 
and in the presence of 1 mg/kg of naloxone. Details are similar to 
Fig. 1. 

RESULTS 

Figure 1 shows the effects of morphine and meperidine 
alone and in the presence of 1 mg/kg of naloxone on lever 
pressing (schedule-controlled behavior) and on tail- 
withdrawal (nociception--mediated behavior). Morphine 
alone produced a significant increase in tail withdrawal la- 
tency at 2.5 mg/kg of morphine, and all animals reached the 
15 sec cut-off at 20 mg/kg. This dose of morphine alone 
produced almost complete suppression of lever pressing. 

The 1 mg/kg dose of naloxone was used as a maximal 
narcotic antagonist dose without producing agonist effects of 
its own. As can be seen in Fig. l, this dose of naloxone 
produced a marked shift of the morphine dose-effect curve to 
the fight (by a factor of 4-8) for both the lever-pressing and 
tail-withdrawal behavior. 

The right side of Fig. 1 shows the effects with meperidine. 
Meperidine alone, at 20 mg/kg, decreased lever pressing to a 
zero level and produced the analgesic cut-off time (15 sec) in 
all rats tested. The 1 mg/kg dose of naloxone antagonized the 
effect of meperidine on the tail-withdrawal behavior, even at 
40 mg/kg of meperidine, but had no effect on meperidine's 
suppressant effect on the rate of lever pressing. In other 
words, naloxone antagonized the analgesic effects of 
meperidine but not the suppressant effect on schedule- 
controlled behavior. It should also be noted that meperidine 
significantly decreased the rate of lever pressing at a dose (10 
mg/kg) which did not produce a significant increase in tail- 
withdrawal latency. 

Figure 2 shows the effects with alphaprodine (left) and 
anileridine (right) alone and in the presence of 1 mg/kg of 
naloxone. Both alphaprodine and anileridine produced a 
dose-related decrease in rate of lever pressing with alpha- 
prodine being twice as potent as anileridine. Like meperidine, 
both agents significantly lowered rates of lever pressing at 
lower doses than which increased the tail-withdrawal latency 
significantly from control. For example, 5 mg/kg of each 
agent was the lowest dose which clearly increased tail- 
withdrawal latency, whereas 1.25 mg/kg of each agent sig- 
nificantly decreased rates of lever pressing from the control 
levels. 
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The 1 mg/kg dose of naloxone antagonized the effects of 
both anileridine and alphaprodine on both schedule- 
controlled behavior and on the tail-withdrawal behavior. 
However,  it does appear  that naloxone shifts the alpha- 
prodine dose-effect curve on rates of  lever pressing to a 
greater extent than the anileridine curve. A dose of 10 mg/kg 
of alphaprodine in the presence of  1 mg/kg of naloxone 
produced approximately the same decrease as 1.25 mg/kg of 
alphaprodine alone; in contrast,  2.5 mg/kg of anileridine in 
the presence of 1 mg/kg of naloxone produced approximately 
the same decrease as 1.25 mg/kg of  anileridine alone. 

To evaluate the role of  possible strain differences in the 
effects of meperidine, the effects of meperidine alone and in 
the presence of  1 mg/kg of  naloxone were determined in 6 
hooded rats. The data are shown in Fig. 3. The effects in the 
hooded rats are qualitatively similar to those seen in the 
albino rats, the only differency being quanti tat ive-- i t  takes 
approximately twice as much meperidine to produce either 
suppression of lever pressing or an increase in tail- 
withdrawal latency in the hooded rat compared to the albino 
rats. There is not this quantitative difference with morphine; 
20 mg/kg of morphine produces virtually complete suppres- 
sion of  lever pressing in both albino and hooded rats (data 
not shown). As in the albino rats, naloxone at 1 mg/kg was 
effective in antagonizing the analgesic effect of meperidine in 
the hooded rat but not the suppression of lever pressing. 
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FIG. 3. Effects of meperidine alone and in the presence of I mg/kg of 
naloxone in albino (left) and hooded (right) rats. Details are similar 
to Fig. 1. Points for hooded rats are the mean (_+ SEM) of 6. Albino 
data is repeated from Fig. 1. 

DISCUSSION 

These results provide a direct comparison of the analgesic 
effects to the rate-decreasing effects on schedule-controlled 
responding of meperidine and 2 meperidine analogues, 
anileridine and alphaprodine. As was predictable from the 
literature, 1 mg/kg of naloxone antagonized the analgesic 
effect of meperidine but not the suppression of schedule- 
controlled behavior produced by meperidine. It was also in- 
teresting to note that meperidine significantly decreased 
rates of lever pressing from control values at lower doses 
than which were necessary to increase tail withdrawal la- 
tency. In contrast,  morphine increased tail withdrawal la- 
tency at lower doses than which were necessary for signifi- 
cantly decreasing rates of  /ever pressing. As with 
meperidine, significant decreases in lever pressing rates 
were obtained with lower doses of anileridine and alpha- 
prodine than were necessary to significantly increase tail- 
withdrawal latency. However ,  unlike the effects of 
meperidine, the effects of anileridine and alphaprodine on 
lever pressing were antagonized by naloxone. Like the ear- 
lier results in pigeons [131, naloxone appeared to produce on 
schedule-controlled responding a slightly larger shift of the 
alphaprodine dose-effect curve to the right than occurred 
with anileridine. Doses of naloxone greater than 1 mg/kg 
were not tested as possible antagonists of meperidine be- 
cause of the greater probability of agonist effects of naloxone 
such as the decreased food and water intake reported by 
Holtzman [9], the interactions with drugs not affecting nar- 
cotic receptors [8], and because 1 mg/kg is more than 
adequate to antagonize morphine 's  effects [201. 

In the previous papers on meperidine and related 
analogues [13, 16, 18], it was hypothesized that the effects of 
meperidine were a product of two actions. One action was 
typically narcotic, in that it could be antagonized by 
naloxone, whereas the second action was a non-narcotic ac- 

tion since it could not be antagonized by naloxone. The pres- 
ent study demonstrates these two actions within the same 
animals. The analgesic effects were a typical narcotic action 
whereas the suppression of  schedule-controlled behavior 
was a non-narcotic action. A recent paper shows that the 
non-narcotic effect of meperidine and normeperidine in the 
pigeon can be attenuated by pentobarbital [15], which 
suggests that this non-narcotic effect may be related to the 
pro-convulsant effects of these agents [6]. The present re- 
sults showing a smaller shift of the anileridine dose-effect 
curves than morphine on lever pressing with concurrent 
naloxone treatment indicates that anileridine also has a sig- 
nificant non-narcotic action which can produce suppression 
of  schedule-controlled responding. This conclusion is sup- 
ported by the similar findings in pigeons [13] and the fact that 
pentobarbital also often attenuates the rate-decreasing ef- 
fects of anileridine [15]. 

The present study also extends the findings on lack of 
antagonism of meperidine 's  effects to hooded rats. It is ap- 
parent that larger doses of meperidine are required in hooded 
rats compared to albino rats, but there are no qualitative 
differences-- the suppression of lever pressing by meperidine 
was not antagonized by naloxone in either strain of rat, 
whereas the analgesic effects were antagonized in both 
strains. 
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