
in all six rabbits. However, CBD in 
doses of 10, 15 and 20 mg/kg did not pro- 
duce convulsions in the rabbits we test- 
ed. These findings suggest that CBN, 
and not CBD, has stimulant properties in 
our paradigm and may explain the obser- 
vation that CBD has greater potential for 
anticonvulsant activity than CBN or 
A`THC ( 1). 

We also tested the effects of can- 
nabicyclol and cannabichromene, two 
naturally occurring constituents of mari- 
juana (Table 1). Cannabichromene (8.0 
mg/kg) produced no convulsions or other 
observable effects in either of the rabbits 
tested. When cannabicyclol (8.0 mg/kg) 
was given to rabbit No. 3 no convulsions 
or observable change occurred. How- 
ever, approximately 7 minutes after rab- 
bit No. 8 had been given cannabicyclol 
(8.0 mg/kg) the rabbit began to sprawl, 
then went into a brief convulsive-like 
thrashing, and died. A necropsy of this 
rabbit showed that death was due to a 
pulmonary hemorrhage which may ex- 
plain this unusual finding. Finally, rabbit 
Nos. 81 through 86, 89, and 90 did not 
convulse with relatively high doses of 
the following hallucinogens: lysergic 
acid diethylamide (100 /g/kg), mescaline 
(40.0 mg/kg), psilocybin (3.0 mg/kg), 
phencyclidine (2.0 mg/kg), and metham- 
phetamine (0.5 mg/kg), suggesting that 
convulsions are specific to the can- 
nabinoids. 

A preliminary study in our laboratory 
(2) suggested that tolerance may develop 
to the convulsant inducing properties of 
A'THC in this population of rabbits. 
Therefore, a more extensive study of the 
long-term effects of A'THC was under- 
taken. We gave five rabbits one injection 
per day of 0.5 mg/kg A'THC until no con- 
vulsion occurred. The following and sub- 
sequent days (if necessary) the dose of 
A9THC was doubled until a convulsion 
was again elicited. This higher dose then 
was given daily until the rabbit again be- 
came tolerant to the cannabinoid in- 
duced convulsion. As shown in Table 2, 
although there was some individual varia- 
tion, all rabbits exhibited behavioral tol- 
erance at A`THC doses of 0.5 mg/kg. An 
increase in dose to 1.0 mg/kg was suf- 
ficient to elicit behavioral convulsions in 
four out of the five rabbits, and each of 
these four rabbits became tolerant to this 
higher dose. One tolerant rabbit (No. 3) 
exhibited convulsions after an increase 
of dosage to 2.0 mg/kg, and as with the 
other four subjects, tolerance subse- 
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er dose. Two days after becoming toler- 
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rabbit Nos. 3 and 33 were injected with 
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vulsed. One week after becoming toler- 
ant to convulsions with the last adminis- 
tered dose of A'THC, each subject was 
injected with 0.5 mg/kg. In all five rab- 
bits, convulsions were again elicited, in- 
dicating that tolerance had been lost. 

These findings suggest the occurrence 
of an animal model that is uniquely and 
differentially sensitive to the (extreme) 
stimulant action of cannabinoids. This is 
especially interesting because CBD, 
which perhaps has the greatest anticon- 
vulsant potential in experimental ani- 
mals, did not elicit convulsions. These 
findings suggest that a model for testing 
the effects of marijuana, its congeners, 
and potential antagonists might be pro- 
vided by this population of New Zealand 
White rabbits. 
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Nitrous oxide has a long history of use 
as a euphoriant and analgesic (1). The 
purpose of our study was to characterize 
the nature of nitrous oxide analgesia. To 
estimate the "analgesia" in mice we 
used the phenylquinone writhing test (2). 
Mice were injected intraperitoneally 
with phenylquinone and placed in a clear 
plastic enclosure and exposed to mix- 
tures of nitrous oxide and oxygen (3). 

Nitrous oxide produces an "analge- 
sic" response in mice, that is, an inhibi- 
tion of writhing. This analgesia was 
dose-related with 50 percent inhibition of 
writhing occurring in the presence of 55 
percent nitrous oxide (Fig. 1). Naloxone 
hydrochloride (5 mg/kg, subcutaneous- 
ly) administered immediately before the 
phenylquinone had no significant effect 
on writhing. However, as can be seen in 
Fig. 1, naloxone administration did re- 
duce the analgesic efficacy of nitrous ox- 
ide. In additional experiments, the aver- 
age analgesia produced by 80 percent ni- 
trous oxide in six groups of mice (five 
mice per group) was 84 ? 6 percent (Fig. 
2). Naloxone reduced the analgesia 
caused by 80 percent nitrous oxide to 
37 + 4 percent. With 60 percent nitrous 
oxide, analgesia averaged 54 + 6 per- 
cent, whereas 60 percent nitrous oxide 
plus naloxone produced only 12 + 11 
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percent analgesia. Lower doses of nalox- 
one were not effective in reversing ni- 
trous oxide analgesia. 

Naltrexone is also a narcotic antago- 
nist (4), and this drug also antagonized ni- 
trous oxide analgesia. If naltrexone was 
given alone in a dose of 5 mg/kg subcuta- 
neously, it had no effect on the phenyl- 
quinone-induced writhing. It did, how- 
ever, reduce the analgesia produced by 
70 percent nitrous oxide from 64 percent 
to 21 percent, and also reduced the anal- 
gesic effects of 60 percent nitrous oxide 
from 45 percent to 12 percent. 

The analgesic effects of nitrous oxide 
were also reduced in mice that had re- 
ceived morphine for several days prior to 
the test. In these experiments, morphine 
hydrochloride (5) was given subcuta- 
neously in a dose of 30 mg/kg twice on 
day 1; 50 mg/kg twice on day 2; and 60 
mg/kg three times on day 3. A paired 
group of mice received only saline in- 
jections and served as controls. On day 
4, no morphine was given and the mice 
were tested for analgesia. 

Both the saline- and morphine-injected 
mice reacted to the phenylquinone in a 
similar manner. Two groups of saline- 
treated mice writhed a total of 53 and 57 
times, whereas the morphine-treated 
mice writhed 60 and 56 times. Thus, no 
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Nitrous Oxide "Analgesia": Resemblance to Opiate Action 

Abstract. Nitrous oxide produced a dose-related "analgesia" in mice (median ef- 
fective dose, 55 percent). The analgesia was evaluated by means of a phenylquinone 
writhing test. Narcotic antagonists or chronic morphinization reduced nitrous oxide 
analgesia. Either nitrous oxide releases an endogenous analgesic or narcotic antago- 
nists have analgesic antagonist properties heretofore unappreciated. 
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Fig. 1 (left). Analgesic action of nitrous ox ide.xid. ..l 
Groups of mice, five animals per group, were O pe-n: 0... 
injected intraperitoneally with p-phenylquin- 80 60 
one and the analgesia was determined (3) in % N20 
the presence of nitrous oxide or nitrous oxide 
plus naloxone (5 mg/kg subcutaneously). The narcotic antagonist was injected just prior to the 
exposure to nitrous oxide. The lines were fit to the data points by a method of least 
squares. Fig. 2 (right). Effect of naloxone on the analgesic action of nitrous oxide. Results 
are the means ? the standard error of three to six groups of mice, five mice per group. The open 
bars represent the response to nitrous oxide and the closed bars represent the response to 
nitrous oxide plus naloxone. The results were statistically significant, P < .05. 

residual morphine from the previous 
day's injection was present to interfere 
with the test for analgesia. Nitrous oxide 
analgesia, as measured by the inhibition 
of writhing, was almost totally abolished 
in the mice which had received morphine 
over a 4-day period. Eighty percent ni- 
trous oxide produced only 16 percent 
analgesia in two groups of mice (range, 0 
to 35 percent). In contrast, 80 percent ni- 
trous oxide produced 93 percent inhibi- 
tion of writhing in saline-injected mice. 

Although nitrous oxide is widely used 
as an analgesic, its mechanism of action 
is not understood and has been difficult 
to study because nitrous oxide is gas- 
eous. The phenylquinone writhing meth- 
od described for examining the "analge- 
sic" effect of nitrous oxide is sensitive 
and simple; it should also lend itself to 
the study of other gases that might pro- 
duce analgesia. Even though nitrous ox- 
ide is an analgesic in man, the analgesic 
action of nitrous oxide in animals as 
measured by other methods such as the 
hot-plate or tail-flick tests would be im- 
portant to study. However, these tests 
are not easily accomplished with gaseous 
drugs. The effective analgesic dose of ni- 
trous oxide in the writhing test in mice is 
in the range of that used as an analgesic 
in man (6). Since both naloxone and nal- 
trexone reduced the analgesic effect of ni- 
trous oxide, one conclusion of these stud- 
ies is that narcotic antagonists diminish 
the analgesia produced by nitrous oxide. 
It should be noted, however, that the 
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doses of the narcotic antagonists re- 
quired for antagonism of nitrous oxide 
are higher than those required for antago- 
nism of morphine. 

Nitrous oxide, in the concentrations 
used, did not cause anesthesia in mice. 
One matter which concerned us was 
whether ataxia produced by nitrous ox- 
ide would interfere with the analgesic 
test. Since ataxia is present when nitrous 
oxide is used in man, this effect in mice 
was not unexpected, nor is it a sufficient 
reason to disqualify the test. Ataxia did 
not interfere with the writhing test since, 
in the presence of naloxone or in mice 
that had received morphine over a long 
period, maximal writhing response could 
be measured even in the presence of up 
to 80 percent nitrous oxide. 

In addition to the use of narcotic antag- 
onists to examine molecular mechanisms 
of "analgesia" which may be defined as 
opiate-like, an alternate approach is to 
examine the response in subjects or ani- 
mals that have been exposed to narcot- 
ics. Mice that received morphine for 3 

days prior to nitrous oxide exposure dis- 
played tolerance to the "analgesic" ef- 
fect of nitrous oxide. Whether mice 
made tolerant to morphine by pellet im- 

plantation show even greater tolerance 
to nitrous oxide analgesia remains to be 
determined. A patient who was highly de- 

pendent on pentazocine (7), requiring ten 
times the average daily dose, showed no 
withdrawal symptoms when a 50 percent 
nitrous oxide-oxygen mixture was sub- 

stituted for pentazocine. Moreover, with 
continuous use of nitrous oxide, toler- 
ance to its analgesic effect developed. 

In conclusion, the analgesia produced 
by nitrous oxide in the phenylquinone 
writhing studies in mice has several fea- 
tures in common with the action of 
opiates and one possible explanation for 
its mechanism could be that nitrous ox- 
ide releases or potentiates an endoge- 
nous analgesic or opiate of the type re- 
cently proposed (8). Alternatively, the 
narcotic antagonists may have analgesic 
antagonist properties heretofore unap- 
preciated. 

BARRY A. BERKOWITZ 

Roche Institute of Molecular Biology, 
Nutley, New Jersey 07110 

S. H. NGAI 
A. DONALD FINCK 

Department of Anesthesiology, 
Columbia University, College of 
Physicians and Surgeons, New York 

References and Notes 

1. P. J. Cohen, in The Pharmacological Basis of 
Therapeutics, L. Goodman and A. Gilman, Eds. 
(Macmillan, New York, 1975), p. 53. 

2. E. Siegmund, R. Cadmus, G. Lu, Proc. Soc. 
Exp. Biol. Med. 95, 729 (1957); L. C. Hen- 
dershot and J. Forsaith, J. Pharmacol. Exp. 
Ther. 125, 237 (1959); B. Berkowitz and S. Spec- 
tor, Science 178, 1290 (1972). 

3. Phenylquinone (phenyl-p-benzoquinone, East- 
man Kodak) was made up as a 0.02 percent 
solution in 5 percent ethanol and injected intra- 
peritoneally into groups of mice, five animals 
per group, in a dose of 0.01 ml/g. The mice 
weighed 20 to 25 g and were CF-1 males ob- 
tained from Charles River Breeders, Wilmington, 
Massachusetts. After injection, animals were 
placed in small wire cages in a clear plastic box 
(volume, 14 liters) with a close-fitting cover and 
gas inlet and outlet ports at either end. Gas 
mixtures were delivered from calibrated flowme- 
ters at a total flow of 10 liters per minute. The 
oxygen concentration of exhaust gas was mea- 
sured with an oxygen analyzer and the difference 
from 100 percent served as a check on the 
nitrous oxide concentration in the box. All re- 
sults are based on the number of writhes ob- 
served during the 5-minute interval from 10 to 15 
minutes after injection of phenylquinone. Ap- 
proximately 7 minutes were needed for the gas 
in the box to reach the delivered concentration. 
The percentage of analgesia was calculated as: 
100 x (control writhes - treatment writhes)/ 
control writhes. 

4. H. Blumberg, H. B. Dayton, P. S. Wolf, Tox- 
icol. Appl. Pharmacol. 10, 406 (1967); R. B. 
Resnick, J. Valarka, A. Freedman, M. Thomas, 
Am. J. Psychiatry 131, 646 (1974); W. Martin, 
D. Jasinski, P. Mansky, Arch. Gen. Psychiatry 
28, 784 (1973). 

5. Mice injected with increasing doses of morphine 
over several days exhibit both dependence [J. 
Marshall and D. G. Grahame-Smith, J. Pharma- 
col. Exp. Ther. 173, 634 (1971)] and tolerance 
(E. L. Way, University of California, San Fran- 
cisco, personal communication). Mice injected 
with this schedule of morphine exhibited depen- 
dence and withdrawal jumping if naloxone was 
injected on day 4. 

6. H. L. Price, in The Pharmacological Basis of 
Therapeutics, L. Goodman and A. Gilman, Eds. 
(Macmillan, New York, 1975), p. 82. 

7. B. J. Kripke and H. B. Hechtman, Anesth. 
Analg. Curr. Res. 51, 520 (1972). 

8. J. Hughes, Brain Res. 88, 295 (1975); G. Paster- 
nak, R. Goodman, S. H. Snyder, Life Sci. 16, 
1771 (1975); H. Teschemacher, K. E. Opheim, 
B. M. Cox, A. Goldstein, ibid., p. 1771; J. 
Belluzzi, N. Grant, R. Garsky, D. Sarantukis, 
C. D. Wise, L. Stein, Nature (London) 260, 625 
(1976); G. Pasternak, R. Simantov, S. Snyder, 
Mol. Pharmacol. 12, 504 (1976). 

9. Supported in part by NIH grants GM-00056 and 
GM-09065 (for A.D.F. and S.H.N.). 

29 June 1976 

SCIENCE, VOL. 194 

I I 

0 

80 - 

0 
60 - 

{D 
-A 


