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ERDEN, B. F., S. OZDEMIRCI, G. YILDIRAN, T. UTKAN, N. GACAR AND G. ULAK. Dextromethorphan at-
tenuates ethanol withdrawal syndrome in rats. PHARMACOL BIOCHEM BEHAYV 62(3) 537-541, 1999.—The effects of
dextromethorphan (DM), a noncompetitive antagonist of the N-methyl-D-aspartate (NMDA) receptors, have been investi-
gated on ethanol withdrawal signs in rats. Ethanol (7.2% v/v) was given to rats in a liquid diet for 16 days. DM (10, 20, and 40
mg/kg) and saline were injected intraperitoneally at the third hour of ethanol withdrawal. DM (40 mg/kg) and ethanol depen-
dent saline were also administered to ethanol naive rats. DM (40 mg/kg) did not produce any significant change in locomotor
activity in ethanol naive rats. The effects of DM on locomotor activity and total ethanol withdrawal score were evaluated at
the fourth and sixth hours of ethanol withdrawal. DM inhibited locomotor hyperactivity at these periods. DM also reduced
total ethanol withdrawal score from the fourth hour to the sixth hour, and it significantly decreased audiogenic seizures. Sei-
zure susceptibility after chronic ethanol exposure may be dependent upon sensitization or upregulation of NMDA processes
and NMDA receptors. Our results suggest that inhibition of NMDA receptors by DM alleviates signs of ethanol withdrawal.
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THE discontinuation of chronic administration of central de-
pressant drugs such as ethanol is associated with excitatory
withdrawal signs (5). Although ethanol withdrawal syndrome
in humans (24) and rats (13,28) has been well described,
mechanisms underlying physical dependence to ethanol or the
ethanol withdrawal syndrome are poorly understood. How-
ever, recent studies indicate the importance of increased exci-
tatory amino acid neurotransmission in the development of
the ethanol withdrawal syndrome (6,21).

The common antitussive drug dextromethorphan (DM)
and its active metabolite dextrorphan can act as noncompeti-
tive N-methyl-D-aspartate (NMDA) antagonists (3). DM, as
well as dextrorphan, is virtually devoid of opioid activity (10).
They have no antinociceptive action through any of the opioid
receptors and no addiction liability (10). The ability of DM
seems to antagonize NMDA receptor activation (19). DM has
previously been reported to antagonize the precipitated absti-
nence syndrome signs in physically morphine-dependent rats
(10). In addition, the successful use of DM in the treatment of
opiate-addicted outpatients is considered as supporting evi-
dence that effects of DM are at the levels of NMDA receptors
(8,9,23). It has been recently shown that DM protects against

hypoxia—ischemia cerebral infarction in a rat model (19) and
humans (2). DM has an established safety record in humans at
antitussive doses, and thus appears to be an attractive com-
pound for clinical investigation.

The present study was designed to confirm the hypothesis
that the various doses of DM attenuate the behavioral symp-
toms of ethanol withdrawal signs including audiogenic sei-
zures in rats.

METHOD
Animals and Laboratory

Adult male Wistar rats (210290 g at the beginning of the
experiments) were used. They were placed in a quiet and tem-
perature- and humidity—controlled room (21 * 4°C and 60 =
9%, respectively) in which 12-12 h light-dark cycle was main-
tained (08:00-20:00 h light).

Drugs

Dextromethorphan hydrobromide (Sigma Chemical, St.
Louis, MO) was dissolved in saline. Dextromethorphan and
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saline were injected intraperitoneally at a volume of 0.5 ml/
200 g body weight. Drug stocks were prepared fresh on the
morning of each experiment. The dose chosen was adapted
from other studies that have examined the effect of dex-
tromethorphan on the pharmacokinetics and behavioral re-
sponse (31), on discriminative stimulus effects (4), and on ce-
rebral infarction in hypoxia-ischemia (19) in vivo.

Experimental Procedures

Rats were individually housed in metal cages. Ethanol
(7.2% v/v) was given to rats in a modified liquid diet for 16
days as previously described (28). Liquid diet was prepared
daily and given to the rats at the same time of day (10:00 h). The
weights of the rats were recorded every day, and the daily etha-
nol intake was measured and expressed as grams per kilogram
per day. Ethanol-naive rats were pair fed on an isocaloric lig-
uid diet containing sucrose as a caloric substitute for ethanol.

At the end of the exposure to 7.2% ethanol-containing lig-
uid diet, ethanol was withdrawn from the diet by replacing the
diet with one that did not contain ethanol at 10:00 h. The eth-
anol-dependent rats were assigned into four groups. DM (10,
20, and 40 mg/kg), and saline were injected intraperitoneally
at the third hour of ethanol withdrawal testing.

The rats were then observed for 4 min at the fourth and
sixth hour of the ethanol-withdrawal period. These time peri-
ods were short, and only part of the full behavioral withdrawal
syndrome was assessed during these time points. At each ob-
servation time, rats were assessed simultaneously for the fol-
lowing behavioral conditions: locomotor activity, body posture,
gait, agitation, tail stiffness, tremor, stereotyped behavior, and
wet dog shakes. We measured locomotor activity automati-
cally with a computerized on-line open field test (40 X 40 X
35 cm box; May, Commat, Ankara, Turkey). Rats were put in
the open field arena 30 s before starting the experiment. A
printout for each session showed the ambulatory movements
of the animals in the open-field box. The distance travelled in
centimeters by the rats in the horizontal locomotor activity
was analyzed. Wet dog shakes and tremors were assessed by
incidence. Wet dog shake behavior was considered positive if
it occurred at least three times during the observation period.
Tremor was determined after lifting rats vertically by the tail:
positive was assigned to rats showing clearly distinct forelimb
tremor when they were rotated 180° around axis of tail. In the
study, grooming, sniffing, head weaving, gnawing, and chew-
ing were observed as major stereotypes behaviors during the
ethanol withdrawal. Stereotypic behaviors, abnormal posture
and gait, agitation, and tail stiffness were scored using a rating
scale (Table 1).

At the sixth hour of the withdrawal testing, rats were ex-
posed to an audiogenic stimulus (100 dB) for 1 min (17). The
intensity of the seizures was scored as follows: seizures were
rated on a five-point scale ranging from 1 to 5. A score of 1
was assigned to rats showing only wild running. The rats show-
ing tonic and tonic—clonic seizures in addition to wild running
were given scores of 2 and 3, respectively. A score of 4 was as-
signed to the rats with longer lasting periodic (>90 s) tonic—
clonic seizures. A score of 5 was given if mortality occurred.

The intensity of the parameters was expressed as a median
value. To calculate the total ethanol withdrawal score, the be-
havioral parameters were expressed as percent incidence and
converted into scores ranging from 1 to 5 (10-20%: 1; 30—
40%: 2; 50-60%: 3; 70-80%: 4; 90-100%: 5) (28). Then the
median values of each behavior were summed for an individ-
ual observation period.
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TABLE 1

RATING SCALE FOR SOME BEHAVIOR SIGNS INDUCED BY
ETHANOL WITHDRAWAL IN RATS

Signs Scoring

Stereotyped behaviors*  1: rats showing only one stereotyped
behavior
: two stereotyped behavior
: three stereotyped behavior
: four stereotyped behavior
: all of stereotyped behavior
: rats showing mild or moderate
irritability
: very irritable
3: handling vocalization and moderately
aggressive
4: handling vocalization and very
aggressive
S: spontaneous vocalization and very
aggressive
Tail stiffness 1: mild tail rigidity
2: moderate tail rigidity
3: tail rigidity but mildly flexible during
ambulation
4: tail rigid and not flexible during
ambulation
S: tail very rigid and not flexible during
ambulation
1: mild head-down, back-hunched
2: moderate head-down, back-hunched
3: prominent head-down, back-hunched
4
5

— R W

Agitation

N

Abnormal posture

:in addition hind legs wide apart
: in addition fore limbs apart
1-2: mild difficulty ambulating and rearing
normal
3—4: moderate difficulty ambulating and
rearing
5: prominent difficulty ambulating and no
rearing

Abnormal gait

*Grooming, sniffing, head weaving, gnawing, and chewing.

All experiments were carried out at the same time every
day during the light period. All the ratings were done by ex-
perimentally naive observers. The experiments reported in
this study have been carried out in accordance with the Decla-
ration of Helsinki. Ethical approval was granted by the Ko-
caeli University Ethics Committee (Kocaeli, Turkey).

Blood Ethanol Determination

Blood ethanol levels were determined in the two groups of
ethanol-receiving rats run in parallel to the ethanol dependent
behavioral test group (n = 5 for each group). Concentrations
were determined by headspace gas chromatography method
(11). We took blood samples by intracardiac puncture from
the rats under very light ether anesthesia. Samples were taken
before removing ethanol from the liquid diet in one group and
at the sixth hour following the ethanol withdrawal in the other.

Ethanol Naive Control Experiments

DM (40 mg/kg) and saline were administered to two
groups of naive Wistar rats fed an isocaloric liquid diet with-
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out ethanol (n = 10 for each group). Locomotor activity was
recorded as experimental groups. The animals were observed
for the same signs of ethanol withdrawal as in ethanol-depen-
dent groups.

Statistical Analysis

Changes in locomotor activity were compared by unpaired
Student’s r-test. Total ethanol withdrawal scores in the differ-
ent groups were compared by using Mann—Whitney U-tests.
Comparisons of the incidence and intensity of the audiogenic
seizures in different groups were done by Fischer’s exact test
and Mann-Whitney U-test, respectively. The level of signifi-
cance was set at p < 0.05.

RESULTS
Ethanol Consumption and Blood Ethanol Levels

Daily ethanol consumption of the rats was in a range of
11.8-14.5 g/kg. Blood ethanol levels were 201.0 * 15.6 and
10.4 = 2.5 mg/dl (mean = SEM) at the beginning of the with-
drawal period and at the sixth hour of ethanol withdrawal, re-
spectively.

Behavioral Changes During Ethanol Withdrawal

A locomotor hyperactivity was observed in the ethanol-
dependent group during the withdrawal testing period (Table
2). Other behavioral signs of ethanol withdrawal syndrome
such as abnormal posture and gait, agitation, wet dog shakes,
tail stiffness, tremor, and stereotyped behaviors appeared
during the whole observation period. The total ethanol with-

TABLE 2

INFLUENCE OF DM ON THE LOCOMOTOR ACTIVITY AND
EXPLORATION IN RATS

Locomotion

Drug (counts = SEM/4 min) (cm *= SEM/4 min)

Ethanol naive (n = 10)

4th h 13115 68.0 =43
6th h 98 x1.1 604 =35
DM 40 mg/kg naive
(n=10)
4thh 15413 729 x54
6th h 11.6 £ 1.0 68.5+6.7
Ethanol dependent
(n=10)
4th h 204 £2.0 106.6 = 11.6
6th h 225 +32 1731 £19.3
DM 10 mg/kg (n = 10)
4th h 239 %35 1373 £ 344
6th h 11.6 = 2.7* 68.5 + 18.8*
DM 20 mg/kg (n = 11)
4th h 16.8 + 2.8 70.7 = 14.5%
6th h 172 £29 98.1 = 12.9*
DM 40 mg/kg (n = 11)
4th h 11.3 = 4.6% 69.3 = 21.8*
6th h 10.3 = 2.6* 101.7 = 14.9%

The influence of DM on the horizontal distance traveled by the
rat and the locomotor counts in the 4-min monitoring period.
*p < 0.05 significantly different from ethanol-dependent rats.

drawal score was the highest at the sixth hour of ethanol with-
drawal in the ethanol-dependent group (Fig. 1, white bars).

Effects of DM on Locomotor Hyperactivity Induced by
Ethanol Withdrawal

DM reduced the locomotor hyperactivity seen in the etha-
nol-dependent group. The reduction became more significant
in the 40 mg/kg DM group compared with the ethanol-depen-
dent control group (Table 2).

Effects of DM on Total Ethanol Withdrawal Score

DM dose dependently reduced the total ethanol with-
drawal score compared with the ethanol-dependent group
(Fig. 1). The total ethanol withdrawal score was significantly
lower than in the ethanol-dependent control rats. The results
are for DM 10 mg/kg (U = 19.0, p = 0.018), for DM 20 mg/kg
(U = 3.5, p = 0.0003), and for DM 40 mg/kg (U = 2.5,p =
0.0002) at the fourth hour of ethanol withdrawal; for DM 10
mg/kg (U = 2.0, p = 0.0003), for DM 20 mg/kg (U = 0.0, p =
0.0001), and for DM 40 mg/kg (U = 0.0, p = 0.0001) at the
sixth hour of ethanol withdrawal.

Effects of DM on Audiogenic Seizures

Exposure to an audiogenic stimulus at the sixth hour of the
ethanol withdrawal precipitated seizures with an incidence of
80% in the ethanol-dependent group. DM dose dependently
decreased the incidence and intensity of the audiogenic sei-
zures (Table 3).

Observations in Ethanol Naive (Nondependent) Rats

Locomotor activities of the ethanol naive rats were signifi-
cantly lower compared with the ethanol-dependent group
(Table 2). These rats did not exhibit any ethanol withdrawal
signs during the observation period. Under our experimental
conditions, DM (40 mg/kg) did not produce any significant
change in locomotor activity in the ethanol-naive rats.

! [ Ethanol Dependent
=7 | B8 oM 10 morkg

I = DM 20 mg/ig
o | E== DM 40 mgrig

Total Ethanol Wthdrawal Score
=
1

4thh ' 6th h

FIG. 1. Effects of DM on total ethanol withdrawal score at the
fourth and sixth hours of ethanol withdrawal. DM was injected at the
third hour of ethanol withdrawal. Values are the medians * semi-
interquartile ranges of individual withdrawal scores for 10-11 ani-
mals/group (h = hour; *p < 0.05, Mann-Whitney U-tests, significantly
different from ethanol dependent rats).
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TABLE 3

EFFECTS OF DM ON THE INCIDENCE AND INTENSITY OF THE
AUDIOGENIC SEIZURES IN ETHANOL-DEPENDENT RATS

Incidence Intensity
Treatment (%) (Median Score)
Ethanol dependent (n = 10) 80 33
DM 10 mg/kg (n = 10) 50% 2.2%
DM 20 mg/kg (n = 11) 36%* 1.5%
DM 40 mg/kg (n = 11) 9% N/A

N/A (Not available): There were insufficient rats with audiogenic
seizures in this group. Rats were pretreated with DM 3 h prior to the
time of assessment of the seizures (in the 2-min monitoring period).

*p < 0.05 significantly different from ethanol-dependent rats.

DISCUSSION

Daily ethanol consumption, ranging from 11.8 to 14.5 g/kg
throughout 16 days, was sufficient to produce physical depen-
dence in rats. As we also observed in the present study, high
average blood ethanol levels (201 mg/dl) just before the etha-
nol withdrawal demonstrate adequate ethanol consumption
(13,26-28).

In light of the experimental results mentioned earlier, we
tested the ability of DM to prevent and/or block of ethanol
withdrawal signs in rats. In ethanol-naive rats, DM by itself
had no effect. But in ethanol-dependent rats, DM produced a
prominent inhibitory effect on signs of ethanol withdrawal.

DM exhibited inhibitory effects on the locomotor hyperac-
tivity and total ethanol withdrawal score for ethanol-depen-
dent rats in our study. Also, we have found an inhibitory ac-
tion of DM on the audiogenic seizures. This sign is considered
as the most reliable and easily quantifiable element of ethanol
withdrawal score in rats (1,13). These findings are in agree-
ment with other studies that MK-801, an other noncompeti-
tive NMDA receptor antagonist, inhibits alcohol withdrawal
seizures in rats (17). CGP39551, a competitive NMDA recep-
tor antagonist, given immediately after ethanol withdrawal,
was protective against hyperexcitability produced by with-
drawal from chronic ethanol treatment in mice (20). After
chronic ethanol exposure, withdrawal signs may be particu-
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larly dependent upon sensitization or upregulation of NMDA
processes (17). Lovinger et al. (12) also find that ethanol in-
hibits NMDA operated currents in hippocampus and dorsal
root ganglion.

Other studies have shown that DM inhibited the severity
of the morphine withdrawal syndrome in dependent rats by
decreasing the intensity of certain signs such as jumping and
teeth chattering (7,10,15). These studies suggested that DM
attenuates and/or prevents the manifestation of abstinence by
the blockade of the NMDA receptors. Several studies have
appeared in the literature in support of opiate—ethanol inter-
action; especially, ethanol and opioids may share some com-
mon elements in their effects (14).

Generally, we know that DM does not possess the central
nervous system effects of other opiates in humans (i.e., anal-
gesia, respiratory depression, and abuse liability or psychoto-
mimetic properties). DM is still used as a nonprescription
cough suppressant, but its anticonvulsant and neuroprotective
properties have been demonstrated (25). Several antipsy-
chotic and antidepressant drugs and certain anticonvulsants
also have been shown to interact with the high affinity DM
site (25).

Consequently, we saw that DM attenuates ethanol with-
drawal signs in rats. Other NMDA receptor antagonists may
be also worthy of mention in the treatment of ethanol-addicted
people. Unfortunately, most of these agents are not suitable
for oral and parenteral administration because they do not
easily cross the blood-brain barrier and have unacceptable
side effects (19). On the other hand, DM, administered up to
the dose of 100 mg/kg IP, failed to induce phencyclidine-like
behavioral effects in rats (22). Some limited and sporadic
abuse of DM has been reported (29,30) as well as a case of
toxic psychosis and exacerbation of preexisting schizophrenia
(18). There have even been sporadic reports of DM abuse and
bulimia, but not enough to warrant its international control as
a narcotic (16). Additional studies to evaluate the use of DM
in the treatment of ethanol withdrawal will be required.

ACKNOWLEDGEMENTS

This study was supported by a grant at the Kocaeli University
(Project No: 29-1998). The authors would like to thank Dr. I. Tayfun
Uzbay for his valuable scientific contributions and references.

REFERENCES

1. Adams, M. L.; Sewing, B. N.; Chen, J.; Meyer, E. R.; Cicero, T. J.:
Nitric oxide-related agents alter alcohol withdrawal in male rats.
Alcohol. Clin. Exp. Res. 19:195-199; 1995.

2. Albers, G. W.; Saenz, R. E.; Moses, J. A.; Choi, D. W.: Safety and
tolerance of oral dextromethorphan in patients at risk for brain
ischemia. Stroke 22:1075-1077; 1991.

3. Church, J.; Lodge, D.; Berry, S.: Differential effects of dextror-
phan and levorphanol on the excitation of rat spinal neurons by
amino acids. Eur. J. Pharmacol. 111:185-190; 1985.

4. Holtzman, S. G.: Discriminative stimulus effects of dextrometh-
orphan in the rats. Psychopharmacology (Berlin) 116:249-254;
1994.

5. Jaffe, J.: Drug addiction and drug abuse. In: Gilman, A. G.; Rall,
T. W.; Wies, A. S., eds. Goodman and Gilman’s The pharmaco-
logical basis of therapeutics. New York: Pergamon Press; 1990:
522-573.

6. Kotlinska, J.; Liljequist, S.: Oral administration of glycine and
polyamine receptor antagonists blocks ethanol-withdrawal sei-
zures. Psychopharmacology (Berlin) 127:238-244; 1996.

7. Koyuncuoglu, H.; Aricioglu, F.: Previous chronic blockade of

NMDA receptors intensifies morphine dependence in rats. Phar-
macol. Biochem. Behav. 39:575-579; 1991.

8. Koyuncuoglu, H.: The combination of tizanidine markedly
improves the treatment with dextromethorphan of heroin
addicted outpatients. Int. J. Clin. Pharmacol. Ther. 33:13-19; 1995.

9. Koyuncuoglu, H.: The treatment with L-aspartic acid of persons
addicted to opiates. Bull. Narc. (United Nations Publication)
35:11-15; 1983.

10. Koyuncuoglu, H.; Giingér, M.; Sagduyu, H.; Aricioglu, F.:
Supression by ketamin and dextromethorphan of precipitated
abstinence syndrome in rats. Pharmacol. Biochem. Behav. 35:829-
832;1990.

11. Kumar, N.; Gow, J. G.: Residual solvent analysis by headspace
gas chromatography. J. Chromatog. A 667:235-240; 1994.

12. Lovinger, D.; White, G.; Weight, F.: Ethanol inhibits NMDA-
activated ion current in hippocampal neurons. Science 243:1721-
1723; 1989.

13. Majchrowicz, E.: Induction of physical dependence upon ethanol
and the associated behavioral changes in rats. Psychopharmaco-
logia 43:245-254; 1975.



DEXTROMETHORPHAN AND ETHANOL WITHDRAWAL

14.

15.

16.

17.

18.

19.

20.

21.

22.

Malec, D.; Kotlinska, J.; Langwinski, R.: Cross-tolerance between
morphine and ethanol and their antinociceptive effects. J. Stud.
Alcohol 48:507-510; 1987.

Mao, J.; Price, D. D.; Caruso, F. S.; Mayer, D. J.: Oral administra-
tion of dextromethorphan prevents the development of morphine
tolerance and dependence in rats. Pain 67:361-368; 1996.

Marsh, L. D.; Key, J. D.; Spratt, E.: Bulimia and dextromethor-
phan abuse. J. Subst. Abuse Treat. 14:373-376; 1997.

Morrisett, R. A.; Revzani, A. H.; Overstreet, D.; Janowsky, D. S,;
Wilson, W. A.; Swartzwelder, H. S.: MK-801 potently inhibits alco-
hol withdrawal seizures in rats. Eur. J. Pharmacol. 176:103-105; 1990.
Orrell, M. W.; Campbell, P. G.: Dependence on dextromethor-
phan hydrobromide. Br. Med. J. 293:1242; 1986.

Prince, D. A.; Feeser, H. R.: Dextromethorphan protects against
cerebral infarction in a rat model of hypoxia—ischemia. Neurosci.
Lett. 85:291-296; 1988.

Ripley, T. L.; Little, H. J.: Effects on ethanol withdrawal hyperexcit-
ability of chronic treatment with a competitive N-methyl-D-aspartate
receptor antagonist. J. Pharmacol. Exp. Ther. 272:112-118; 1995.
Rossetti, Z. L.; Carboni, S.: Ethanol withdrawal is associated with
increased extracellular glutamate in the rat striatum. Eur. J. Phar-
macol. 283:177-183; 1995.

Sagratella, S.; Pezzola, A.; Popoli, P.; Carolis, A. S.: Different
capability of N-methyl-D-aspartate antagonists to elicit EEG and
behavioural phencyclidinelike effects in rats. Psychopharmacol-
ogy (Berlin) 109:277-282; 1992.

23

24.

25.

26.

27.

28.

29.

30.

31.

541

. Sener, A. I; Ceylan, M. E.; Koyuncuoglu, H.: Comparison of the
supressive effects of L-aspartic acid and chlorpromazin + diaz-
epam treatments on opiate abstinence syndrome signs in men.
Drug Res. 36:1684-1686; 1986.

Thompson, W. L.: Management of alcohol withdrawal syn-
dromes. Arch. Intern. Med. 138:278-283; 1978.

Tortella, F. C.; Pellicano, M.; Bowery N. G.: Dextromethorphan
and neuromodulation: Old drug coughs up new activities. Trends
Pharmacol. Sci. 10:501-507; 1989.

Uzbay, I. T.; Erden, B. F.; Tapanyigit, E. E.; Kayaalp, S. O.: Nitric
oxide synthase inhibition attenuates signs of ethanol withdrawal
in rats. Life Sci. 61:2197-2209; 1997.

Uzbay, 1. T.; Erden, B. F.; Sever, B.: Effects of nitric oxide syn-
thase inhibition on ethanol withdrawal syndrome in rats. Eur.
Neuropsychopharmacol. 6:130-131; 1996.

Uzbay, 1. T.; Kayaalp, S. O.: A modified liquid diet of chronic
ethanol administration: Validation by ethanol withdrawal syn-
drome in rats. Pharmacol. Res. 31:37-42; 1995.

Walker, J.; Yatham, L. N.: Benylin (dextromethorphan) abuse and
mania. Br. Med. J. 306:896; 1993.

Wolfe, T. R.; Caravati, E. M.: Massive dextromethorphan inges-
tion and abuse. Am. J. Emerg. Med. 13:174-176; 1995.

Wu, D.; Otton, S. V.; Kalow, W.; Sellers, E. M.: Effects of route
of administration on dextromethorphan pharmacokinetics and
behavioral response in the rats. J. Pharmacol. Exp. Ther. 274:1431-
1437;1995.



