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PEZALLA, P. D. AND C. W. STEVENS. Behavioral effects of morphine, levorphanol, dextrorphan and naloxone in the 
frog Rana pipiens. PHARMACOL BIOCHEM BEHAV 21(2)213-217, 1984.--Systemic morphine induces explosive motor 
behavior and generalized muscular rigidity in frogs. Naloxone does not reverse either of these effects of morphine but at 
high doses causes muscular flaccidity and unresponsiveness to stimulation. Intraspinal morphine induces rigidity, but not 
explosive motor behavior, and this action is blocked by naloxone. Behavioral effects are seen rarely after intraspinal 
levorphanol (rigidity) and never after intraspinal dextrorphan or naloxone. In contrast to systemic morphine and naloxone, 
systemic levorphanol and dextrorphan are lethal to frogs at high doses. 

Opiates Morphine Levorphanol Dextrorphan Naloxone Amphibians Rana pipiens 

IN 1877 Witkowski observed that frogs given rather high 
doses of morphine exhibited a condition that he likened to an 
epileptic seizure [21]. I recently rediscovered these 
phenomena and reported that morphine caused frogs to be- 
come excitable, hyperresponsive to sensory stimuli, and, at 
the highest dose used, rigidly immobile [15]. These effects of 
morphine on frogs appear  to be similar to the effects of cer- 
tain opiate agonists on rodents. In rats, generalized muscular 
rigidity (GMR) is seen after injection offl-endorphin into the 
periaqueductal gray or lateral ventricle [1, 2, 17] and after 
morphine given either systemically or intraventricularly [2]. 
Since naloxone prevents the development of  GMR [2,17], 
the effect would appear  to be mediated by opiate receptors.  
Rodents also exhibit explosive motor behavior (EMB) in re- 
sponse to morphine given intraventriculady or directly into 
the periaqueductal gray [8-10, 12, 20]. This behavior is not 
thought to be a consequence of  the interaction of morphine 
with a typical opiate receptor  because the effect is not 
blocked by naloxone [8, 9, 12] and is not induced by 
endorphins or enkephalins [8, 9, 12, 20]. Furthermore,  EMB 
is elicited by (+)-morphine,  a stereoisomer of natural mor- 
phine which is inactive at typical opiate receptors [8,9], by 
amino-terminal fragments of adrenocorticotropin [8,10], and 
by morphine cogeners with low affinity for opiate receptors 
[12]. 

Our preliminary observations indicated that EMB and 
GMR are not limited to murine species [15] and suggested 
that additional studies of  the pharmacology of  opiates in 
frogs might contribute to an understanding of the neuronal 
mechanisms underlying these syndromes.  We now report  the 
results of a comprehensive analysis of the behavioral phar- 
macology of  morphine, levorphanol,  dextrorphan, and 
naloxone in the frog. 

METHOD 

The animals were northern grass flogs (Rana pipiens pi- 
piens), snout-vent length of 5-6.5 cm, obtained from Nasco 
(Fort  Atkinson, WI), and maintained as previously described 
[15]. At least three days before the start of  an experiment,  
the animals were weighed, randomly assigned to treatment 
groups, placed in individual plastic pan s (20 x 27 x 15 c m high) 
containing 0.5 cm of water, and transferred to a testing room 
at 21°C and continuously illuminated by fluorescent lights. 
The flogs were kept undisturbed by human presence except 
at times of  injection and observation. Animals were used 
only once and an equal number of  animals from each treat- 
ment group was used on each day. 

Drugs were injected either subcutaneously (SC) via the 
dorsal lymph sac or intraspinally at the articulation between 
the seventh and eighth vertebrae. Systemic injections were 
made between 0930 and 1030 hr and intraspinal injections 
between 1300 and 1400 hr. We have previously described the 
procedure for intraspinal injections and have documented 
the absence of significant transport  or diffusion of tritiated 
morphine from the spine to the brain [18]. The drugs used 
were morphine sulfate (Merck, Sharpe and Dohme), 
naloxone HC1 (Endo Laboratories),  levorphanoi tartrate and 
dextrorphan tartrate (both from Hoffman-LaRoche).  The 
drugs were dissolved in 0.7% NaCI and injected SC at 10-20 
/A/g body weight and intraspinally at 1/~l/animal. Doses are 
given as the mass of the salt. Controls received equivalent 
volumes of vehicle. All solutions were coded and the exper- 
imenters were uninformed of  their identity until completion 
of  the experiment.  

At intervals after drug or vehicle administration, the frogs 
were observed and rated for the presence or absence of 
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FIG. 1. Time course and dose-effect for the induction of EMB and 
GMR by morphine (Mor). Animals were injected SC with morphine 
sulfate at the indicated doses and the number of animals exhibiting 
either EMB or GMR was noted at intervals over the next 24 hr. In 
four instances, an animal exhibited a brief episode of EMB followed Time (hi 
by GMR. These observations are indicated by bars divided verti- 
cally. N= 10 animals per treatment group. FIG. 2. Naloxone (Nal) induced flaccidity when given SC at 480 or 

640 mg/kg. Lower doses of naloxone (160 and 320 mg/kg) and saline 
were without effect. N= 10 animals per treatment group. 

EMB, GMR, and flaccidity. All observations were done by 
the same individual. The observer quietly approached the 
pan, removed the lid, and attempted to lightly grasp the frog. 
Each observation period took approximately 30 sec. EMB 
was characterized by extreme excitability and violent jump- 
ing and usually precluded removal of the lid. GMR, if not 
spontaneous, was generally evoked by gently grasping the 
frog and consisted of profound rigidity with fully extended 
limbs and complete loss of motor control. Animals rated as 
flaccid were unresponsive to any stimulus and could be dis- 
tinguished from dead frogs only upon their subsequent reac- 
quisition of normal behavior. 

Statistical analysis of the data was done by either the 
Fisher exact probability test or by X ~. Median effective doses 
(ED~,)), median lethal doses (LD.~0), and their 95% confidence 
intervals (95% CI) were approximated by the method of 
Litchfield and Wilcoxon [13]. 

RESULTS 

The incidences of EMB and GMR after systemic adminis- 
tration of morphine are shown in Fig. 1. For dose-effect 
analysis, the percentage of animals exhibiting EMB or GMR 
at least once was plotted against the dose of morphine. Both 
syndromes were induced by morphine in a dose dependent 
manner with an ED.~o for EMB of 245 mg/kg (95% CI: 175- 
345 mg/kg) and for GMR of 500 mg/kg (95% CI: 425-590 
mg/kg). The dose-effect curves were parallel, and the po- 
tency ratio was 2.0 (95% CI: 1.4-3.0). Animals which were 
given morphine at a dose of 480 mg/kg or less appeared 
normal by 48 hr after injection while recovery from a dose of 
640 mg/kg took 72-96 hr. As shown in Table 1, naloxone did 
not reverse the effect of systemic morphine on either EMB 
or GMR. Animals exhibiting either of these syndromes at 20 
hr were then treated sequentially with naloxone at 1 and 10 
mg/kg and observed for 1 hr after each injection. No reduc- 
tion in the incidence of GMR or EMB was seen. Neither 
EMB nor GMR were observed in saline injected controls 
although EMB was occasionally seen in highly stressed 
frogs, especially during or shortly after transfer of frogs to 
the testing environment. For this reason, the frogs were 
allowed at least three days to acclimate to the test cages. 

In an attempt to assess drug specificity and stereospe- 
cificity, levorphanol and dextrorphan were injected at doses 
from 160 to 640 mg/kg. In contrast to the 10(1% survival after 

morphine, these drugs were lethal. The LDs0 for dextrorphan 
was 475 mg/kg (95% CI: 390-580 mg/kg) and for levorphanol 
it was 360 mg/kg (95% CI: 130-1000 mg/kg). The lethal ef- 
fects of these two drugs precluded evaluation of their poten- 
tial for inducing EMB or GMR. 

Systemic treatment with high doses of naloxone resulted 
in total flaccidity with complete loss of muscle tone and vol- 
untary movement. The effect was dose dependent both in 
terms of the number of animals affected and the duration 
(Fig. 2). X'-' comparison of the areas under the curves re- 
vealed a significantly greater effect of the higher dose of 
naloxone (p<0.001). The time course of this effect of 
naloxone was considerably shorter than that of morphine on 
EMB or GMR. Flaccidity was apparent with 30 min and, for 
animals receiving a submaximal dose (480 mg/kg), recovery 
was nearly complete at 2 hr (Fig. 2). All animals survived and 
appeared normal within 24 hr. 

Simultaneous injection of morphine and naloxone, each at 
640 mg/kg, resulted in 6(F~ mortality. Of the four surviving 
animals, all first became flaccid and subsequently exhibited 
GMR. EMB was observed in two frogs. 

Morphine, naloxone, ievorphanol, and dextrorphan were 
each injected intraspinally at doses of 1, 3 and 10 Ixg. Dex- 
trorphan and naloxone were without effect. Neither EMB, 
GMR, nor flaccidity was observed, and the drug-treated 
animals were indistinguishable from vehicle injected con- 
trois. Morphine and, to a significantly lesser degree 
(p<0,02), levorphanol induced GMR but not EMB (Fig. 3). 
Morphine treated animals exhibited GMR by 1 hr and 
showed partial or complete recovery, depending on the dose, 
by 3 hr. GMR was seen in only two levorphanol treated 
animals and only at 3 hr (Fig. 3). In a separate experiment, 
frogs were injected intraspinally with either 3 /xg of levor- 
phanol or 3/~g of levorphanol with 3/zg of naloxone (N = 10 
animals per treatment). GMR was not observed in any of the 
animals at any time up to 3 hr after injection. 

The ability of naloxone to block the development of mor- 
phine induced GMR is documented in Fig. 4. Intraspinal 
injection of 10/zg of naloxone significantly attenuated the 
effect of morphine at both 1 hr (p=0.01) and at 3 hr 
(p =0.005). The lower dose of naloxone appeared to reduce 
the incidence of GMR, but the effect was not significant (Fig. 4). 

No toxic or lethal effects were seen after intraspinal in- 
jection of any of the four drugs either alone or in combination 
with naloxone. 
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TABLE 1 
LACK OF AN EFFECT ON NALOXONE ON MORPHINE INDUCED EXPLOSIVE 
MOTOR BEHAVIOR (EMB) AND GENERALIZED MUSCULAR RIGIDITY (GMR)* 

Morphine (mg/kg): 480 640 

EMB GMR EMB GMR 

Naloxone (mg/kg): 
0 6 4 3 6 
1 6 4 3 6 

10 6 4 3 6 

*Frogs were given morphine at the indicated doses and the number of animals 
exhibiting either EMB or GMR noted 20 hr later. The animals were then treated 
with naloxone at 1 mg/kg and 1 hr later with naloxone at 10 mg/kg. The incidences 
of EMB and GMR were noted I hr after each naloxone injection. N = 10 animals 
per treatment group. 

6 0 - -  
M( 

4 0 ~  

2 0 - -  
o--e 
~, O" 
:S 
® 

20[-Le v 

0 L -  d 

Drug [lag): 1 310  1 310  1 310  

h: t 2 3 
FIG. 3. The percentage of animals with GMR at 1, 2, or 3 hr after 
intraspinal injection of morphine (Mor) or levorphanol (Lev). N= 10 
animals per treatment group. 
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FIG. 4. Naloxone (NAL) prevents the induction of GMR by 
intraspinal morphine (Mor). The frequency of GMR was signifi- 
cantly lower after coinjection of Mor + Nal (10 #g each) than after 
Mor alone (p=0.01 at 1 hr, p=0.005 at 3 hr). N=10 animals per 
treatment group. 

DISCUSSION 

The data reported here demonstrate that there are not 
only similarities but also important differences in the phar- 
macological actions of opiates and antagonists in frogs and 
mammals. In rats, opiates induce "a  profound state of im- 
mobilization characterized by the absence of spontaneous 
movement, loss of the righting response and extreme gen- 
eralized muscular rigidity" [2]. This description also accu- 
rately characterizes the condition of frogs after treatment 
with high doses of morphine. In rodents, and especially in 
frogs, relatively high doses of systemic morphine are re- 
quired for the induction of GMR: 7.5-20 mg/kg for rats [2] 
and 320-640 mg/kg for frogs. However, consideration of the 
effectiveness of morphine after central administration does 
not indicate such substantial species differences in suscepti- 
bility to GMR. Rats, for example, exhibit rigidity after 
50-100 tzg morphine given intraventricularly [2], while we 
observed GMR in frogs after as little as 3/zg morphine given 

intraspinally (Fig. 3). The data reported here are the first 
evidence for a spinal receptor mediating GMR. Several re- 
ports have noted the absence of such motor effects of very 
high doses of intrathecal opiates in cats, rats, and a rhesus 
monkey [19, 22-25]. We have not attempted intraventricular 
injections of frogs and, thus, do not know if the putative 
receptors are also found in the brain of frogs. 

The ability of intraspinal morphine to produce GMR 
would appear to be a consequence of its interaction with a 
spinal opiate receptor because spinal morphine does not dif- 
fuse to the brain [18], low doses are effective and the action 
is blocked by a dose of naloxone which, if 'given alone, is 
without effect on motor ability. This latter finding is in 
agreement with previous work on the ability of naloxone to 
prevent the induction of GMR by opiates and opioid peptides 
in rats [2,17]. The, question of whether the putative spinal 
opiate receptor mediating GMR is stereospecific cannot be 
answered by the data presented here. Although GMR was 
observed in two instances following intraspinal levorphanol 
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(Fig. 3) and was not seen after dextrorphan (1-10 /~g 
intraspinal), the difference in treatment effects is not signifi- 
cant. Furthermore, GMR was not observed in a second 
group of ten frogs given 3 p~g of levorphanol intraspinally. 
These data, while not permitting an assessment of stereo- 
specificity, clearly show that the receptor mediating GMR 
differs from the typical p~ opiate receptor in its selectivity for 
morphine relative to levorphanol. 

While systemic morphine undoubtedly interacts with the 
same receptors as does spinal morphine, it would also have 
access to additional sites, both central and peripheral. Our 
data indicate that the GMR seen after systemic morphine is 
not totally due to an action on spinal receptors. This is evi- 
denced by the fact that naloxone prevents the induction of 
GMR by spinal morphine but not by systemic morphine. 
Furthermore, GMR after systemic morphine is always pre- 
ceded by EMB, while EMB is never seen after spinal mor- 
phine. Sensory stimulation also seems to be an important 
factor in eliciting both EMB and GMR after systemic mor- 
phine, especially at lower doses of morphine and at early 
times after injection. In these cases, the frogs usually appear 
normal when viewed from a distance but exhibited either 
EMB, GMR, or both after overt stimulation such as ap- 
proaching the pan or removing the lid. In contrast, spinally 
induced GMR is spontaneous and does not require such 
stimulation. Thus, systemic morphine appears to exaggerate 
the motor activity of frogs, with lower doses causing EMB 
(perhaps an exaggerated escape response) and higher doses 
causing tetanic contraction of the skeletal muscles. The site 
of action of systemic morphine remains obscure, but it would 
appear not to be acting either on skeletal muscle or on the 
neuromuscular junction because morphine is reported to de- 

press frog muscle excitability by reducing Na + conductance 
and to impair acetylcholine release at the neuromuscular 
junction [5, 7, 16]. The behavioral effect of spinal morphine 
may be related to the earlier observations that morphine can 
increase spontaneous acetylcholine release from the isolated 
frog spinal cord and that naloxone blocks this action [14]. 

GABA is a putative inhibitory transmitter in the amphi- 
bian spinal cord [11] and naloxone is reported to be a GABA 
antagonist in rodents [4]. Our observations, however, do not 
provide evidence for anti-GABA effects of naloxone in the 
frog. Spinal naloxone, at doses up to 10 /zg, are without 
discernible effect, while systemic naloxone, at 480 or 640 
mg/kg, induces flaccidity, an effect opposite that expected of 
a GABA antagonist. This observation is in agreement with 
the finding that naloxone reduces, or eliminates, excitability 
of isolated sartorious muscles, apparently by blocking Na + 
conductance [6]. 

The lethal effects of levorphanol and dextrorphan were 
unexpected because frogs are remarkably resistant to mor- 
phine, surviving even 640 mg/kg ([15] and Fig. 1]). In mice, 
naloxone blocks the lethal effect of low doses of levorphanol 
but not of dextrorphan or high doses of  levorphanol, thus 
indicating both opiate and nonopiate actions [3]. Although 
we have not attempted to block the lethal effects of levor- 
phanol and dextrorphan with naloxone, the absence of lethal 
effects of morphine suggests a nonopiate, but otherwise un- 
defined, mechanism. 
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