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KOYUNCUOt~LU, H. AND F. ARICIOOLU. Previous chronic blockade of NMDA receptors intensifies morphine dependence in 
rats. PHARMACOL BIOCHEM BEHAV 39(3) 575-579, 1991.--Chronic exposure of receptors to antagonists generally results in 
upregulation and/or supersensitivity. On the other hand, the noncompetitive NMDA receptor antagonists ketamine (K) and dex- 
tromethorphan (DM) suppress opiate abstinence syndrome by blocking NMDA receptors. Therefore, 40 mg/kg ketamine (K), 5 
mg/kg dextromethorphan (DM), 5 mg/kg morphine (M) and 2 mg/kg naloxone (NL) alone or in combination with NL were IP 
administered to the rats five times during the daytime only for five days to see whether they would intensify abstinence syndrome 
through upregulation and/or supersensitivity of NMDA receptors. Three days following the implantation of three M-containing 
pellets, abstinence syndrome was brought about by 2 mg/kg NL injection. Jumping, wet dog shake, writhing, teeth chattering, 
diarrhoea, defecation and ptosis were observed for ten rain. All drugs used alone or in combination with NL increased the inten- 
sity of abstinence syndrome. Since K and DM are noncompetitive NMDA receptor antagonists, the intensifying effect of NL or M 
was considered to be related to their interactions with NMDA receptors. Furthermore, on the basis of the results of the previous 
and present study, NL was claimed to act on NMDA receptors, like other opioids, but with higher affinity for and weaker block- 
ing effect on NMDA receptors. 
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CHRONIC receptor antagonist treatment generally results in a 
compensatory increase in the number of functional receptors 
called upregulation. The increase in the sensitivity of the recep- 
tors to their agonist is known as supersensitivity. The supersen- 
sitivity of opioid binding sites developed by opioid antagonists 
such as naloxone (NL) and naltrexone (NX) has been reported 
under various conditions, and the exposure to the antagonist of 
the binding sites renders previously ineffective doses effective. 
Both supersensitivity and upregulation are believed to subside 
within days of the discontinuation of exposure to antagonist (24, 
28, 29, 35, 36, 40). On the other hand, the development of the 
supersensitivity at the opioid binding sites has been reported 
during a regimen of morphine (M) and NX injections. As a re- 
suit, the influencing effect of agonist on the development of su- 
persensitivity should be taken into consideration (39). 

Ketamine (K) and dextromethorphan (DM), having no addic- 
tion liability (17, 19, 27), have been reported to possess an at- 
tenuating effect on the responses to the stimulation of the 
aspartatergic (ASPergic)/glutamatergic (GLUergic) receptor sub- 
types, especially N-methyl-D-aspartate (NMDA) (2, 3, 8, 12, 
13). The attenuating effect of K and DM on the actions of 
NMDA is related to their noncompetitive blockade of the ion 
channel associated with the NMDA receptor (2, 11, 13, 30). 
These properties of K and DM were successfully used to sup- 
press the precipitated abstinence syndrome in rats (21), because 
the mechanisms underlying the physical dependence on opiates 
have been experimentally shown to be the inhibition by opiates 
of the enzymes which produce the neurotransmitters ASP and 

GLU from asparagine and glutamine, and the blockade and sub- 
sequently the upregulation and supersensitivity of the ASPergic/ 
GLUergic receptors (21). Consequently, DM has successfully 
been used in the treatment of opiate-addicted persons (22). 

In light of the experirnental results mentioned above, it would 
be of interest to investigate the effects of the subchronic block- 
ade by the noncompetitive NMDA receptor antagonists K and 
DM of the NMDA receptors on the precipitated abstinence syn- 
drome in rats which would be rendered M dependent just after 
the discontinuation of the K and DM administration. Addition- 
ally, the administration of M and NL before the development of 
physical dependence on M could give further information in 
connection to their relationship with the blockade of NMDA re- 
ceptors in the mechanisms of the opiate dependence development 
and the intensity of the precipitated abstinence syndrome, since 
the opioid mu, delta and to a lesser extent, sigma receptor ago- 
nists have been shown to antagonize some effect of intrathecally 
(IT) administered excitatory amino acid agonists (1), K and DM 
suppress the abstinence syndrome signs in rats (21), as well as 
in man (22). Finally, dynorphin (1-13) which interacts with 
NMDA receptors (7), attenuates the intensity of opiate with- 
drawal symptoms (14). 

METHOD 

The rats were divided into nine groups. The first group 
(Control) was intraperitoneally (IP) injected with physiological 
saline at 0900, 1100, 1300, 1500 and 1700. The third, fourth, 
fifth and sixth groups were IP administered 40 mg/kg K, 2 
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TABLE 1 

THE MEAN VALUES (_+SE) OF THE ABSTINENCE SYNDROME SIGNS AND THEIR STATISTICAL EVALUATIONS 

Wet Dog Teeth Total Evaluation 
Groups Jumping Shake Writhing Chattering Diarrhoea Defecation Ptosis of the Signs 

Control (10) 3.20 1.30 0.30 8.60 0.30 7.10 1.00 89.9 
---0.25 ---0.21 ---0.30 ---0.34 ---0.21 -+0.28 ---0.30 

I. K (11) 5.27** 2.45** 0.09 7.63 0.45 8.90* 1.27 108.22 
"--0.67 "--0.36 ---0.09 ---0.61 "-.0.16 -+0.70 ---0.33 

II. K (12) 7.91"** 4.91"** 1.17 4.17"** 0.92* 9.84** 0.92 137.27 
+--0.58 aa -+0.31 a~a -+0.67 ---0.96 +_0.19 -+0.91 ---0.38 

NL (10) 6.30*** 3.90"** 0.00 8.20 0.60 5.30** 1.60 123.1 
"--0.45 ---0.23 -+ "--0.70 -+0.16 "--0.36 +_0.27 

M (10) 7.80*** 4.40*** 0.10 6.60*** 0.30 5.70"** 1.70* 127.8 
"--0.49 -+0.34 "--0.09 --+0.30 "-.0.15 "--0.40 "-.0.15 

DM (12) 9.84*** 3.84*** 0.25 8.33 1.08" 7.67 2.17"* 163.21 
+-0.98 -+0.55 +-0.18 "--0.69 ---0.26 "--0.78 +_0.21 

N+I.  K (12) 9.75*** 4.08*** 0.50 5.34*** 0.67 9.66** 1.25 146.13 
--- 1.37 bbb +0.57 bbb -0 .23  bbb ---0.77 bbb +--0.25 bb +0.94 b ---0.28 

N + M  (9) 14.55"** 3.88** 0.00 3.56*** 1.23"* 9.22** 1.78 169.5 
+ 1 . 8 2  ccc'dd "--0.69 -+ -+ 1.07 ¢¢-'ta + - 0 . 2 8  ad "+'0.72 coo-dad +-0.4 

N+DM (11) 10.18"** 4.90*** 0.00 5.54** 1.81"* 8.90** 2.09** 162.01 
---1.07 ~ ---0.69 --- ---0.78 ee-gg --- 0.23 ~'~s ±0.51 ~'~ -+0.16 

The figures in parentheses indicate the numbers of rats in the groups. 
* ---> <0.05, ** ~ <0.02, *** ~ <0.001 The statistical significance referring to control values. 
aa ---> <0.02, aaa ---> <0.001 The statistical significance between I. Ketamine and II. Ketamine groups. 
b ~ <0.05, bb ---> <0.02, bbb ---> <0.001 The statistical significance between I. Ketamine and Naloxone + I. Ketamine groups. 
cc ---> <0.02, ccc ~ <0.001 The statistical significance between Naloxone and Naloxone + Morphine groups. 
dd ~ <0.02, ddd ~ <0.001 The statistical significance between Morphine and Naloxone + Morphine groups. 
ee ----> <0.02, eee ---> <0.001 The statistical significance between Naloxone and Naloxone + Dextromethorphan groups. 
g ---> <0.05, gg ~ <0.02 The statistical significance between Dextromethorphan and Naloxone + Dextromethorphan groups. I. Ketamin ~ I. K., 

II. Ketamine ~ II. K, Naloxone ---> NL, Dextromethorphan ~ DM, Naloxone + I. Ketamine ---> NL + I. K, Naloxone + Morphine ~ NL + M, Nalox- 
one + Dextromethorphan ~ NL + NL + DM. 

mg/kg NL, 5 mg/kg M and 5 mg/kg DM in the same volume of 
physiological saline also at 0900, 1100, 1300, 1500 and 1700. 
They were called I. Ketamine, Naloxone, Morphine and Dex- 
tromethorphan group, respectively. The second group (II. Ket- 
amine) received 40 mg/kg IP seven times a day with equal 
intervals. The seventh, eighth and ninth groups were IP admin- 
istered 40 mg/kg K, 5 mg/kg M and 5 mg/kg DM in a similar 
manner to I. Ketamine, Morphine and Dextromethorphan, but 
all the rats belonging to the latter groups were given 2 mg/kg 
NL IP ten min before the IP administration of K, M and DM. 
These groups were later mentioned as Naloxone + I. Ketamine, 
Naloxone + Morphine and Naloxone + Dextromethorphan 
groups. The administration of the drugs as given above lasted 
five days. On the fifth day, one hour after the last injection, 
three pellets containing 75 mg M base (total 225 mg) (37) were 
subcutaneously implanted on the back of all the rats under light 
ether anesthesia. 

Three days following pellet implantation, all the rats were IP 
injected with 2 mg/kg NL and they were immediately placed in 
a metal cage (base area: 20 x 22 cm, height 20 era). Then the 
number of jumps, wet dog shakes, writhing, teeth chatterings 
and defecations were counted for ten rain. Diarrhoea and ptosis 
were rated 1, 2 or 3, whereas teeth chattering was rated 1, 2, 
3 . . . .  10 according to the severity. Additionally, on the basis 
of Himmelsbach's  Degree Method (16) which characterizes the 
abstinence syndrome into four grades to reflect the clinical se- 
verity, and the correlations among the occurrence, onset and 
fading of each abstinence syndrome signs in accordance with the 
M content of the implanted pellet(s), the exposure time of the 

animals to different M content pellet(s) and the amount of NL 
used for precipitated abstinence syndrome (5), each sign was 
rated as follows. Every jump, wet dog shake, writhing, maxi- 
mum degree of teeth chattering, diarrhoea, defecation and ptosis 
was separately scored 8, 4, 10, 5, 10, 1 and 3, respectively. 
The total score of each category was shown as a total evaluation 
of the abstinence syndrome severity in the last column of Table 
1 in order to give overall information of the seven signs for each 
group. 

Materials 

Male Wistar inbred rats (weighing 140-180 g) kept in a room 
22-23°C on a 12-hour light/dark cycle and fed with a standard 
regimen ad lib were used. DM was a gift from Roche (Basel, 
Switzerland). NL, M and K were purchased from Sigma (St. 
Louis, MO), Sandoz (Basel, Switzerland) and Padeko (Istanbul, 
Turkey), respectively. 

RESULTS 

The mean values (---SE) of the abstinence syndrome signs 
counted or rated in each group and their statistical evaluation 
among them are shown in Table 1. In addition, the total evalua- 
tion of the signs obtained from the sum of the scores, which 
was given to every single sign on the basis of their significance 
in determining the severity of the abstinence syndrome in each 
category, can also be seen in the last column of Table 1. 

The rats belonging to I. K and II. K groups showed a stron- 
ger abstinence syndrome than control. On the other hand, the 
intensity of the abstinence syndrome in the rats of II. K is clearly 
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more pronounced than in those of I. K group. 
The intensity of the syndrome manifested by the rats of NL 

and M groups is also higher than control. But no statistically 
significant difference was found between the two groups, at least 
at the doses applied before the development of the M physical 
dependence. 

The highest intensification of the physical dependence was 
seen in the rats injected with DM before the development of M 
physical dependence. 

The combination of K, M and DM with NL administration 
ten min before K, M and DM injections caused further intensifi- 
cation of the M physical dependence observed in the rats of NL 
group. 

DISCUSSION 

Before starting to discuss the results of the present study, the 
point with respect especially to teeth chattering, which seems to 
be inconsistent with an increase or decrease of the other absti- 
nence syndrome signs, should be clarified. Among the signs, 
those such as flying, jumping and diarrhoea are considered 
"dominant," while some others, such as wet dog shake and 
teeth chattering, are classified "recessive." When the intensity 
of "dominant" ones increases, the intensity of some, if not all, 
"recessive" ones generally decreases and vice versa (5). 

On the basis of the present experimental results, it can be 
said that the subchronic administration of K, N, M, and DM, 
regardless of their binding sites at the NMDA receptor including 
its associated components, invigorated the intensity of the pre- 
cipitated abstinence syndrome. Two of four administrated drugs, 
namely K and DM, have been reported to be noncompetitive 
NMDA receptor antagonists (2, 3, 8, 10, 12, 13, 29) and to 
suppress opiate abstinence syndrome in rats (21) and in men 
(22). As a result, the intensifying effect of K and DM adminis- 
tered before the development of opiate physical dependence on 
the opiate precipitated abstinence syndrome appears to be con- 
sistent with the fact that subchronic exposure of the receptors to 
one of their antagonists causes the upregulation and/or supersen- 
sitivity of the NMDA receptors, if the hypothesis related to the 
mechanisms underlying the opiate physical dependence (21,22) 
works. In other words, the previous blockade by K and DM of 
the consequences of the activated NMDA receptors leads to an 
increase in the number and/or sensitivity of the NMDA recep- 
tors. After M-containing pellet implantation, the number and/or 
sensitivity of the NMDA receptors has a further increase due to 
yet another large blockade by M as a result of the assumption 
regarding the mentioned mechanisms (21,22) which lately ap- 
peared to have been almost proven in rats (21) and in men (22) 
experimentally. Following NL injection which must remove M 
from the site(s), where M bound, brings about abrupt with- 
drawal. Consequently, the NMDA receptor whose number and/or 
sensitivity had excessively been augmented is much more stimu- 
lated by ASP and GLU, probably more pronounced than normal 
(21,22). Due to these events, a much more intense abstinence 
syndrome is manifested by the rats previously given K or DM 
than by those not given K or DM previously. This explanation 
would be acceptable at least for K and DM which have long 
been known as noncompetitive NMDA receptor antagonists (2, 
3, 8, 10, 12, 13, 29). Even though the doses of K and DM 
used in the experiments might have been found higher and 
lower, respectively, than the doses reversing NMDA-induced 
seizures and producing an anticonvulsant effect in a maximal 
electroshock (MES) test, they appeared to be more or less opti- 
mum to reach the alms of the present study. A rather shorter- 
lasting effect and lower doses can be enough to reverse NMDA- 
induced seizures and to produce anticonvulsant action in a MES 

test, especially when K is administered intravenously. The rea- 
sons for the administration of K at relatively high doses are that 
the administration was carried out intraperitoneally, which in- 
creases the first passage through the liver and the relatively high 
doses could have augmented the blocking time of NMDA recep- 
tors as long as possible to cause upregulation and/or supersensi- 
tivity. In fact, the intensity of the abstinence syndrome in II. K 
group, which had seven IP injections of 40 mg/kg a day, is 
stronger than in the I. K group which received only five IP in- 
jections of 40 mg/kg a day (Table 1). The dose of DM used in 
the present study was chosen after having had a suppressive ef- 
fect with 3 mg/kg on the precipitated abstinence syndrome in 
rats (21). As a result, since the opiate abstinence syndrome is 
not comparable with NMDA-induced seizures and MES test, the 
dose of DM was decided to be 5 mg/kg. Furthermore, the 5 
mg/kg dose of DM could have given some more comparative 
information about the site of the blockade and the possibility of 
making some quantitative comparisons among NMDA blocking 
drugs. Additionally, as seen in Table 1, 5 mg/kg DM caused a 
relatively higher intensification of the abstinence syndrome, in- 
dicating that higher doses would not have been needed. 

With regard to the intensifying effect of NL and M, addi- 
tional information is needed. Both K and M induce a dose-re- 
lated analgesia; they also cause catatonia, then catalepsy at larger 
doses. Both K- and M-induced analgesia and catatonia are NL 
reversible (15,38). As is known, K interacts with opioid recep- 
tor binding sites (18, 32, 33). As a consequence, it has been 
assumed that interactions with K receptors could modulate pain 
pathways in a manner similar to those opioids (34). As the 
pharmacological effects of K and M are similar, the interactions 
between various subeffective dose combinations of K and M 
were investigated, and it has been shown that the combination 
of individually subeffective doses of K and M induced catalepsy 
(15). In addition, a complex relationship between K and M ad- 
ministered concomitantly, in connection with behaviour, potenti- 
ation, tolerance, cross-tolerance and antagonism by NL were 
found (15). These experimental results were further supported by 
using synthetic opioids (4). Moreover, it has recently been dem- 
onstrated that opioids, phencylidine and sigma agonlsts antago- 
nize excitatory amino acid-induced nociceptive action and other 
behavioural changes (1). On the other hand, opioids do not an- 
tagonize only NMDA receptor agonist-induced behaviours, but 
IT administered kainic acid-induced behaviours as well (20). In 
this study, the IT pretreatment of the selective mu agonist levor- 
phanol, [D-Ala 2, N-Met-Phe 4, Glys-O1]-enkephalin (DAGO), or 
M, the mixed mu-delta agonist [D-Ala 2, D-LeuS]-enkephalina - 
mide (DADLE), or the sigma/phencyclidine agonist dextrorphan 
or (+)-N-allyl-N-normetazocine inhibited the effects of IT-ad- 
ministered kalnic acid. Levorphanol- and DADLE-induced be- 
haviours were partially antagonized by naltrexone (NX) (20). 
Additionally, the benzomorphan derivatives cyclazoeine and 
pentazocine have been shown to selectively reduce neuronal ex- 
citations evoked by N-methylaspartate (10); NX was found to 
reduce the NMDA neurotoxicity in vitro (9); large doses of NL 
(150-300 mg) were shown to act as an opiate agonist in men 
(23). On the other hand, if M binds and blocks NMDA recep- 
tors in the development of opiate physical dependence as as- 
sumed (21,22), the abstinence-precipitating effect of NL can be 
supporting evidence that NL interacts with NMDA receptors. 
Finally, if 2 mg/kg NL injected five times only during the day- 
time for five days causes an intensification of the abstinence 
syndrome more or less equal to the intensification of 5 mg/kg M 
administered similarly, it would be logical to say that NL binds 
and blocks NMDA receptors. As seen in Table 1, the adminis- 
tration of 2 mg/kg NL ten min before a 5 mg/kg administration 
of M, whose analgesic and blocking effects are not antagonized 
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by NL given ten min before due to the badly undisturbed and 
unaltered occupation by M of NMDA receptors modulating pain 
transmission and perception, shows an additive effect on the ef- 
fect of M. This might be compelling evidence that NL and M 
act in the same direction at the same place at least in the devel- 
opment of physical dependence and the opiate abstinence syn- 
drome. The difference between their doses in the intensification, 
in the precipitating abstinence syndrome and even in the antago- 
nism by NL of the M analgesia, clearly indicates that the affin- 
ity of NL for NMDA receptors is higher than that of M. All the 
information given above implies that NL and M interact with 
the ASPergic/GLUergic receptors. According to our recent ex- 
perimental studies performed by using a new NMDA receptor 
antagonist SDZ EAA 494 (CPP ene, Sandoz, Basel, Switzer- 
land), SDZ EAA 494 has an abstinence syndrome precipitating 
effect in the rats rendered M dependent by M-containing pellet 
implantation technique and NL-reversible antinociceptive effect. 
The abstinence syndrome precipitating effect of SDZ EAA 494 
intensifies that of NL when SDZ EAA 494 is administered five 
min before NL. The antagonism by NL of SDZ EAA 494-in- 

duced antinociception turns into a synergism at higher doses; the 
antinociceptive effect of SDZ EAA 494 increases more than ex- 
pected. Additionally, 8 mg/kg NL alone causes analgesia itself 
(manuscript in preparation). Although NL has long been ac- 
cepted as a "pure"  opioid antagonist, practically devoid of opi- 
oid like agonistic actions, it has been shown that NL exerts some 
analgesic effects in man (25). Moreover, NL induces miosis in 
normal subjects (18,26) and a NL analogue NX has slight opi- 
oid agonist activity (6). 

In light of the information given above, one can have the 
impression that NL is a NMDA receptor antagonist just like M 
and other opioids in a general sense. It should possess higher 
affinity for NMDA receptors and less preventing effect on NMDA 
receptors from ASP and GLU, because NL removes other opi- 
oids from the receptors, but it cannot prevent the receptors from 
the stimulating effects of their endogenous transmitters which 
result in the manifestation of abstinence syndrome (21,22). This 
may be why previously administered NL intensifies opiate phys- 
ical dependence and the administration of NX is helpful in pre- 
venting relapses in postopiate addicts (31). 

REFERENCES 

1. Aanonsen, L. M.; Wilcox, G. L. Nociceptive action of excitatory 
amino acid in the mouse: Effects of spinally administered opioids, 
phencyclidine and sigma agonists. J. Pharmacol. Exp. Ther. 243:9- 
19; 1987. 

2. Anis, N. A.; Berry, S. C.; Burton, N. R.; Lodge, D. The dissocia- 
tive anesthetics, ketamine and phencyclidine, selectively reduce ex- 
citation of central mammalian neurons by N-methyl-aspartate. Br. 
J. Pharmacol. 71:565-575; 1983. 

3. Barker, J. L.; McBurney, R. N.; Mathers, D. A. Convulsant- 
induced depression of amino acid responses in cultured mouse spi- 
nal neurons studied under voltage clamp. Br. J. Pharmacol. 80:619- 
629; 1983. 

4. Benthuysen, J. L.; Hance, A. J.; Quam, D. D.; Winters, W. D. 
Synthetic opioids compared with morphine and ketamine: catalepsy, 
cross-tolerance and interactions in the rat. Neuropharmacology 28: 
1011-1015; 1989. 

5. Blaesig, J.; Herz, A.; Reinhold, K.; Zielgaensberger, S. Develop- 
ment of physical dependence on morphine in respect to time and 
dosage and quantification of the precipitated withdrawal syndrome 
in rats. Psychopharmacologia 33:19-38; 1973. 

6. Blumberg, H.; Dayton, H. B. Narcotic antagonist studies with EN- 
1639A (N-eyclopropylmethyinoroxymorphone hydrochloride). In: Fifth 
international congress on pharmacology, San Francisco, 23-28 July 
1972, Abst. of Volunteer Papers, p. 23. 

7. Candle, R. M.; Isaac, L. A novel interaction between dynorphin 
(1-13) and N-methyl-D-aspartate site. Brain Res. 443:329-332; 
1988. 

8. Choi, D. W.; Peter, S.; Viseskul, V. Dextrorphan and levorphanol 
selectively block N-methyl-D-aspartate-mediated neurotoxicity on 
cortical neurons. J. Pharmacol. Exp. Ther. 242:713-720; 1987. 

9. Choi, D. W.; Viseskul, V. Opioids and non-opioid enantiomers se- 
lectively attenuate N-methyl-D-aspartate neurotoxicity on cortical 
neurons. Eur. J. Pharmacol. 155:27-35; 1988. 

10. Church, J.; Lodge, D. Cyclazoncine and pentazocine as N-methyl- 
aspartate antagonists on cat and rat spinal neurons in vivo. J. Phar- 
macol. Exp. Ther. 253:636-645; 1990. 

11. Craviso, G. L.; Musacchio, J. M. High-affinity dextromethorphan 
binding sites in guinea pig brain. I/. Competition experiments. Mol. 
Pharmacol. 23:629-640; 1983. 

12. Ferkany, J. W.; Borosky, S. A.; Clissold, D. B.; Pontecorvo, M. 
J. Dextromethorphan inhibits NMDA-induced convulsions. Eur. J. 
Pharmacol. 151:151-154; 1988. 

13. George, C. P.; Goldberg, M. P.; Choi, D. W.; Steinberg, G. K. 
Dextromethorphan reduces neocortical ischerrtic neuronal damage in 
vivo. Brain Res. 440:375-379; 1988. 

14. Green, P. G.; Lee, N. M. Dynorphin A-(l-13) attenuates with- 
drawal in morphine-dependent rats: Effect of route of administra- 
tion. Eur. J. Pharmacol. 145:267-272; 1988. 

15. Hance, A. J.; Winters, W. D.; Quam, D. D.; Benthuysen, J. L.; 
Cadd, G. G. Catalepsy induced by combinations of ketamine and 
morphine: potentiation, antagonism, tolerance and cross-tolerance in 
the rat. Neuropharmacology 28:109-116; 1989. 

16. Himmelsbach, C. K. Addiction liability of codeine. JAMA 103: 
1420-1423; 1934. 

17. Isbell, H.; Fraser, H. F. Action and addiction liabilities of Dromo- 
ran derivatives in man. J. Pharmacol. Exp. Ther. 107:524-530; 
1953. 

18. Jasinki, D. R.; Martin, W. R.; Haertzen, C. A. The human phar- 
macology and abuse potential of N-allylnormorphone (naloxone). J. 
Pharmacol. Exp. Ther. 157:420--426; 1967. 

19. Jasinski, D. R.; Martin, W. R.; Mansky, P. A. Progress report on 
the assessment of the antagonists nalbuphine and GPA-2087 for 
abuse potential and studies of the effects of dextromethorphan in 
man. Presented at 33rd Meeting of Committee on Problems of Drug 
Dependence, National Research Council, Toronto, Ontario, Canada, 
1971. 

20. Kellstein, D. E.; Coghill, R. C.; Frenk, H.; Bossut, D. F.; Mayer, 
D. J. Opioid inhibition of kainic acid-induced scratching: Mediation 
by mu and sigma but not delta and kappa receptors. Pharmacol. 
Biochem. Behav. 35:1-5; 1990. 

21. Koyuncuo~lu, H.; Gtingtir, M.; Sa~duyu, H.; Aricioglu, F. Sup- 
pression by ketamine and dextromethorphan of precipitated absti- 
nence syndrome in rats. Pharmacol. Biochem. Behav. 35:829-832; 
1990. 

22. Koyuncuoglu, H.; Saydam, B. The treatment of heroin addicts with 
dextromethorphan: A double-blind comparison of dextromethorphan 
with chlorpromazine. Int. J. Clin. Pharmacol. Ther. Toxicol. 28: 
147-152; 1990. 

23. Kumor, K. M.; Haertzen, C. A.; Jasinsky, D. R.; Johnson, R. E. 
The psychophannacologic and prolactin response after large doses 
of naloxone in man. Pharmacol. Biochem. Behav. 30:967-975; 
1988. 

24. Lahti, R. A.; Collins, R. J. Chronic naloxone results in prolonged 
increases in opiate binding sites in brain. Eur. J. Pharmacol. 51: 



NMDA RECEPTOR BLOCKADE AND OPIATE WITHDRAWAL 579 

185-186; 1978. 
25. Lasagna, L. Drug interaction in the field of analgesic drugs. Proc. 

R. Soc. Med. 58:978-983; 1965. 
26. Loimer, N.; Schmid, R.; Grunberger, J.; Linzmayer, L. Naloxone 

induces miosis in normal subjects. Psychopharmacology (Berlin) 
101:282-283; 1990. 

27. Mansky, P. A.; Jasinski, D. R. Effects of dextromethorphan (D) in 
man. Pharmacologist 12:231, 1970. 

28. Millan, R. J.; Morris, B. J.; Herz, A. Antagonist-induced opioid 
receptor up-regulation. I. Characterization of supersensitivity to se- 
lective mu and kappa agonists. J. Pharmaeol. Exp. Ther. 247:721- 
728; 1988. 

29. Morris, B. J.; Millan, M. J.; Herz, A. Antagonist-induced opioid 
receptor up-regulation. II. Regionally specific modulation of mu, 
delta and kappa binding sites in rat brain revealed by quantitative 
autoradiography. J. Pharmacol. Exp. Ther. 247:729-736; 1988. 

30. Santiago, L. J.; Klein, M.; Musacchio, J. M. Effect of anticonvul- 
sant drugs and other agents on the high-affinity binding of (3H)- 
dextromethorphan to guinea pig brain. Soc. Neurosci. Abstr. 13: 
1157; 1987. 

31. Schifano, F.; Marra, R. Naltrexone for heroin addiction: encourag- 
ing results from Italy. Int. J. Clin. Pharmacol. Ther. Toxicol. 28: 
144-146; 1990. 

32. Smith, D. J.; Bochal, R. L.; deSanctis, C. A.; Monroe, P. J.; 
Amedro, J. B.; Perrotti, J. M.; Crisp, T. Properties of the interac- 
tion between ketamine and opiate binding sites in vivo and in vitro. 
Neuropharmacology 26:1253-1260; 1987. 

33. Smith, D. J.; Pekoe, G. M.; Martin, L. L.; Coalgate, B. The inter- 
action of ketamine with the opiate receptor. Life Sci. 26:789-795; 
1980. 

34. Smith, D. J.; Perrotti, J. M.; Mansell, A. L.; Monroe, P. J. Ket- 
amine analgesia is not related to an opiate action in the periaque- 
ductal gray region of the brain. Pain 2:253-265; 1985. 

35. Tempel, A.; Gardner, E. L.; Zukin, R. S. Neurochemical and func- 
tional correlates of naltrexone-induced opiate receptor up-regulation. 
J. Pharmacol. Exp. Ther. 232:439 A.AA.; 1985. 

36. Tempel, A.; Zukin, R. S.; Gardner, E. L. Supersensitivity of brain 
opiate receptor subtypes after chronic naltrexone treatment. Life Sci. 
31:1401-1404; 1982. 

37. Way, E. L.; Loh, H. H.; Shen, F.; Simultaneous quantitative as- 
sessment of morphine tolerance and physical dependence. J. Phar- 
macol. Exp. Ther. 167:1-8; 1969. 

38. Winters, W. D.; Hance, A. J.; Cadd, G. G.; Quan, D. D.; Benthuy- 
sen, J. L. Ketamine- and morphine-induced analgesia and catalepsy. 
I. Tolerance, cross-tolerance, potentiation, residual morphine levels 
and naloxone action in the rat. J. Pharmacol. Exp. Ther. 244:51- 
57; 1988. 

39. Young, A. M. Effects of acute morphine pretreatment on the rate- 
decreasing and antagonist activity of naloxone. Psychopharmacology 
(Berlin) 88:201-208; 1986. 

40. Zukin, R. S.; Sugarman, J. R.; Fitz-Syage, M. L.; Gardner, E. L.; 
Zukin, S. R.; Gintzler, A. R. Naltrexone-indueed opiate supersensi- 
tivity. Brain Res. 245:285-292; 1982. 


