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JOLICOEUR, F B . D MENARD, R RIVEST, S LEMAIRE AND B BELLEAU Neurobehavtoral evidence for kappa agontst 
acttvt O, of the morphman dertvam'e 14-[3-methyl 8-oxao'clorphan [BC (3016)] PHARMACOL BIOCHEM BEHAV 38(2) 401-405, 
1991 --The purpose of the present study was to determine ff the m vlvo neurobehavmral effects of the morphman 14-[3-methyl 8- 
oxacyclorphan, [BC (3016)], would reflect the kappa agomst activity found in our previous In v~tro studies The effects of lntracls- 
ternal administration of various doses (10-80 p.g) of BC (3016) on body temperature, muscle ng~&ty, noclceptlon of thermal, 
chemical and mechanical stimuli as well as its ability to induce catalepsy were examined The effects of mtrathecal admlmstratlon 
of the same doses of the compound on reactivity of animals to a thermal stimulus were also assessed Finally, the ability of BC 
(3016) to antagomze well known neurobehavzoral effects of morphine was investigated Results m&cate that the analgesic proper- 
t~es of BC (3016) resemble those of typical kappa agomsts Intrac~sternal admmIstranon of the drug failed to affect noocepnon to 
an avers~ve thermal stimulus but markedly reduced the reactivity of animals subjected to noxmus chemical or mechamcal snmuh 
On the other hand, mtrathecal adrmnlstratlon of BC (3016) s~gnlficantly attenuated noclcepuon of animals to a thermal stlrnulus 
The in VlVO neurobehavloral effects of BC (3016) appear to be kappa selective since the drug did not decrease body temperature, 
increase muscular tone or reduce catalepsy, three effects generally attributed to Ix agontsts Furthermore, BC (3016) antagomzed the 
zmmobfllty, trunk ng~dlty, catalepsy and analgesm reduced by morphine In summary, the present results reveal that BC (3016) &s- 
plays a profile of neurobehavioral effects similar to that of well known kappa agonlsts 

BC (3016) Analgesia Kappa receptors Morphlnan Mu receptors Noclcepnon Averswe stimuli 

SEVERAL years ago a novel opiold alkaloid of the morphman 
class, 14-[3-methyl 8-oxacyclorphan [BC (3016)], was synthe- 
sized and shown to be mact~ve as an analgesic in various animal 
speoes submitted to noxious thermal stimuli (9). However, the 
compound was found to be a very potent analgesic in the mouse 
acetic acid writhing test. Recently. our group has examined the 
ability of BC (3016) to depress the electrically evoked contrac- 
tions of the guinea pig deum and of the mouse vas deferens as 
well as to compete with the binding of selective hgands for the 
K, Ia- and ~ receptors m rat brain and guinea pig cerebellum mem- 
brane preparations (10). Together, the results of that study clearly 
indicated that BC (3016) has a high affimty for the kappa recep- 
tors and that its profile of pharmacological activity resembles that 
of other well known ~: agomsts as well as that of dynorphin-A 
(1-13), a putative endogenous K receptor ligand (3). 

In view of these results, the purpose of the present experiment 
was to determine ff the m vivo neurobehavioral effects of BC 
(3016) would reflect the K agomst activity of the compound found 
in our in wtro study. It Is well known that typical kappa agomsts, 
when injected centrally, are weak analgesic agents in noclceptton 

tests using aversive thermal stimuh but are very potent in reduc- 
mg ammals' reactivity to pare induced by chemical and mechan- 
ical stlmuh such as those used in the acetic acid writhing and tail 
pinch tests respectively (15). On the other hand, kappa agonists 
do decrease noclceptton to thermal stimuli following spmal ad- 
mmtstration where a high density of K receptors are located (1.5). 
In addition, while typical p, agonists such as morphine reduce 
body temperature (19), induce catalepsy (19), and muscle rigid- 
ity (12), K agomsts do not induce these effects. Furthermore, ev- 
idence has accumulated recently indicating that K agonists can 
atagomze several pharmacological effects of typical p, agonists 
(2, 11, 16). 

In the present experament we examined the effects of intracis- 
ternal admintstratlon of various doses of BC (3016) on body tem- 
perature, muscular tone, noclcept~on to a thermal stimulus as well 
as its abihty to mduce catalepsy The effects of Intrathecal admin- 
istration of the compound on the reactivity of animals to a ther- 
mal sttmulus were also assessed. When significant effects were 
found, the ability of pretreatment with naloxone to antagonize 
these effects was evaluated. Finally, the effects of pretreatment 
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FIG 1 Effects of lntracistemal adnumstration of BC (3016) on number 
of writhes presented as a function of dose 

with various doses of BC (3016) on lmmobdity, trunk ngidity, 
catalepsy and analgesia induced by morphine were examined. 

M E T H O D  

Animals 

Male hooded rats obtained from Canadian Breeding Farm (St. 
Constant, Qurbec) and weighing between 250-300 g were used 
They were housed in a temperature-controlled room having a 12- 
h hght/dark cycle. Under ketamme/xylazine anesthesia, ammals 
were Implanted with indwelling polyethylene catheters (PE 10). 
For mtraclsternal administration, a hole was drilled m the middle 
of the postenor cranial suture and a l cm catheter was lowered 
into the cisterna magna. For mtrathecal injections, a 7.5 cm cath- 
eter was inserted through a sht in the cisternal membrane, and 
pushed gently to reach the lumber subarachnold space. For both 
types of cannulatlon, tubing was fixed to the skull with dental 
cement and protective 30-ga metal stylets were placed at the ex- 
tremities of the catheters. 

Procedure 

Following at least four days of  recovery from surgery, five 
groups of animals (n = 8) received an lntraclsternal injection of 
either 0.9% NaCI, 10, 20, 40 or 80 Ixg BC (3016). Immediately 
prior to, and at 6, 12, 18, 24 and 30 nun following injections, 
animals were submitted to a battery of neurobehavloral tests con- 
sistlng of measurements of body temperature, muscular tone, cat- 
alepsy and reactivity to various noxious stimuli. Most of these 
tests have been descnbed in detail elsewhere (6,7). Briefly. body 
temperatures were recorded by means of a thermistor probe (Yel- 
low Spnngs Instruments) inserted approximately 4 cm in the rec- 
tum. For muscular tone, animals were suspended by their front 
paws grasping a metal rod (0 5 cm diameter) which was held by 
the expenmenter  about 50 cm above a table. The time the animal 
remained on the bar (maximum 60 s) was recorded. A prolonged 
grasping response has been correlated with direct measures of 
muscle ngldity (14). Also, animals were held by the hind legs 
and held upright for a period of 5 s. The presence of rigidity was 
recorded if an animal kept its trunk in the upright position dunng 
this period. Trunk rigidity has been shown to be a good index of 
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FIG 2 Effects of mtrac~sternal administration of BC (3016) on number 
of animals in each group (n = 8) dnsplaymg normal nocmeptlon in the tail 
pinch test presented as a function of dose 

muscular nglthty reduced by IX agomsts (12). For catalepsy, an 
animal 's  front paws were placed on a wooden bar (1 cm in width) 
suspended 10 cm over the table. The time spent in that position, 
up to a maximum of 60 s, was recorded. 

Noclception was assessed using the tail immersion and the tall 
pinch tests. The tail immersion test we used is a variant of a pro- 
cedure previously described (4): the animal held by the expen-  
menter was lowered so that its tall would be immersed in a bath 
of water maintained at a constant temperature of 49°C. The time 
for the nociceptlve response (tail flick or whole body jerk) to oc- 
cur was noted. In the tail pinch procedure, mild pressure was ap- 
plied to an animal 's  tail by means of  a pencil. A normal response 
was recorded if, within 5 s, the animal either jumped, vocalized, 
struggled or turned to bite the pencil 

Five additional groups received the same intractsternal injec- 
tion treatments and five mm later were administered 5 ml/kg of a 
1% acetic acid solution lntraperltoneally Number of writhes ob- 
served dunng the following 30-mm period were recorded To as- 
sess the effects of intrathecal administration of BC (3016) on 
noclceptlon of thermal stimuli, five other groups of ammals re- 
ceived either 0.9% NaCI or one of the same drug doses via this 
route of administration and subjected to the tall immersion test. 
For all the above neurobehavloral tests, experimenters were un- 
aware of  the Injection treatments 

When sigmficant changes were found, the effects of pretreat- 
ment with 2.5 mg/kg naloxone were evaluated. The antagonist 
was given subcutaneously, 30 mm prior to intracisternal or in- 
trathecal rejections 

To assess possible Ix antagonist properties of BC (3016), sep- 
arate groups were administered intracisternally 0.9% NaCI or var- 
Ious doses of the compound 15 mm prior to the mtraclsternal 
rejection of 60 p,g morphine. An additional group of control ani- 
mals were given two intracisternal injections of 0.9% NaCI. Cat- 
alepsy, trunk rigidity, nociceptlon in the tail immersion test were 
then measured, as described above, at 15-mm intervals for 1 h 
following morphine administration. Immobility was also evalu- 
ated by recording the time animals would leave a 30 by 30 cm 
square. 

BC (3016) was synthesized according to a previously reported 
procedure (9). Naloxone hydrochlonde was generously provided 
by Endo Laboratories of Canada. All drugs were dissolved 
in 0.9% NaCI solutions. Volumes of both intraclsternal and in- 
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FIG 3 Percent changes from respective controls for mtracistemal (open 
columns) and mtrathecal (shaded columns) admmistranon of BC (3016) 
presented as a functton of dose 

trathecal rejections were 10 p.l admanistered over a 30-s period by 
means of a 50 p.l Hamthon syringe. Naloxone was injected m a 
volume of 1 ml/kg. 

Data Analysts 
Data obtained on body temperature, grasping time and cata- 

lepsy as well as m the tail tmmersion test were analyzed by means 
of indivtdual two-way ANOVA's  for repeated measures on one 
factor (17). Factors included m each analysis were groups and 
test periods. Significant group by test period interactions were 
further analyzed by stmple main effect analyses at each level of 
each factor. Differences between control and treated groups at 
each test period as well as within group differences between base- 
line and each postinjecuon test period were assessed by Dunnett 
tests. Total number of writhes obtained following intraczsternal 
rejections were analyzed by a single factor ANOVA Data col- 
lected m the trunk rigidity and tail pinch tests constituted non- 
parametnc data and were analyzed by F~sher exact probability 
tests (13). 

RESULTS 

Analysis of the data of ammals administered various doses of 
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FIG 4 Effects of BC (3016) on morphine-reduced ]mmoblhty, trunk ng~&ty0 noctceptlon and catalepsy. Data 
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BC (3016) intracisternally revealed no significant changes in body 
temperature, catalepsy or grasping response time. Also, the nocl- 
ceptwe response time in the tail immersion test was not signifi- 
cantly affected by BC (3016). On the other hand, starting with 20 
Ixg of the compound, total number of wnthes in the acetic acid 
test was significantly decreased and totally abolished with the 
largest dose administered, These effects are shown in Fig. 1 where 
total number of writhes after lntracisternal rejections are presented 
as a function of dose. Also, a significant reduction in number of 
animals displaying normal nociceptwe responses in the tail pinch 
test was found with 80 Ixg of BC (3016). This is illustrated in 
Fig. 2 where numbers of animals in each group (n = 8) display- 
mg normal responses are presented as a function of dose 

Following intrathecal injections, a significant analgesic effect 
in the tail immersion test was found first with the 40 Ixg dose of 
BC (3016). The effect was already present at 12 rain, maximum 
at 18 mm, and dissipated slightly at 24 and 30 mm following re- 
jections. A more pronounced analgesic effect was found with the 
largest (80 Ixg) dose although the temporal course of effects was 
similar to that seen following 40 Ixg A direct comparison of the 
effects of lntracisternal and lntrathecal injections in the tail im- 
mersion test can be seen in Fig. 3 where percent changes from 
respective controls are presented as a function of dose. None of 
the above significant effects were altered significantly by nalox- 
one. 

Finally, pretreatment with BC (3016) significantly antagonized 
all neurobehavloral effects of morphine in a dose-related fashion. 
Immobility, trunk rigidity, analgesia and catalepsy were inhibited 
by BC (3016), starting at doses of 80, 40, 20 and 40 Ixg respec- 
tively. These results are illustrated in Fig 4 where the dose-re- 
lated effects of BC (3016) on each morphine-reduced behavior 
are presented. 

DISCUSSION 

The results of the present m vivo study confirm and extend 
our previous observations that BC (3016) possesses kappa prop- 
ertles in in vitro preparations (10). The in vtvo kappa agomst ac- 
tivity of BC (3016) is eloquently revealed by the analgesic 
characteristics of the compound, in terms of both the types of 
noxious stimuli and the routes of administration. Central admin- 
istration of the compound failed to affect noocept lon to a thermal 
stimulus but significantly reduced reactivity of animals subjected 

to chemical or mechanical stimuli (Figs. 1 and 2). On the other 
hand, spinal administration of BC (3016) markedly decreased no- 
ciception to a thermal stimulus. As mentioned above this profile 
of analgesic properties is typical of kappa agomsts (1, 5, 15). 

The in vivo neuropharmacological effects of BC (3016) ap- 
pear to be kappa selective since the drug did not decrease body 
temperature, increase muscular tone or induce catalepsy, three 
effects generally attributed to Ix agomsts (12,19). It is notewor- 
thy that in our previous in vitro study, BC (3016) displayed good 
affinity for IX receptor. Since we did not find IX agomstlc activity 
m our in vivo study, the binding of BC (3016) might indicate that 
the compound is a Ix antagonist. Indeed, m the first study on BC 
(3016) it was observed that the drug antagonized the effects of the 
Ix agomst oxymorphone in the mouse Straub tail test (9) 

Naloxone did not reverse any of the analgesic effects of BC 
(3016) obtained in this study. That naloxone did not affect the 
analgesic effect of BC (3016) in the writhing test is not surpris- 
ing since the administration of naloxone has been shown to actu- 
ally increase number of writhes in this test (8). However, naloxone 
has been shown to be effective in antagonizing kappa agonist-m- 
duced analgesia in other tests (18). It is possible that the experi- 
mental procedures, in terms of dose and route of administration, 
utilized m the present study account for the lack of effect of 
naloxone. In that respect it has been shown that systemic rejec- 
tion of similar doses of naloxone did not affect the analgesic ef- 
fect of intrathecally administered dynorphln-A (1-13), a putative 
endogenous kappa agomst (5). However, mtrathecal administra- 
tion of the antagonist markedly attenuated dynorphm-mduced an- 
algesia. Therefore, it remains to be determined tf pretreatment 
with lntractsternal or intrathecal administration of naloxone would 
alter the analgesic effects of BC (3016) that we obtained after m- 
jectlons via these two routes. 

Finally, the lntracisternal administration of 80 ~g BC (3016) 
significantly decreased the immobility, catalepsy, muscular rigid- 
ity, and the analgesia induced by 60 Ixg of morphine. Thus BC 
(3016) displays, similarly to known kappa agomsts, the abthty to 
antagonize IX agomst actions (2, 11, 16). 

In summary, the present results reveal that BC (3016) displays 
a profile of neuropharmacological effects similar to that of well 
known kappa agomsts. 
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