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Suppression of Ethanol Withdrawal by Dopamine
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Summary. An ethanol-inhalation technique was used to determine a potential relationship between dopamine and
central nervous effects produced by alcohol. Both L-DOPA and intracranially injected dopamine resulted in attenu-
ation of ethanol-induced withdrawal convulsion scores, whereas, haloperidol, a known dopaminergic blocker was

found to significantly increase convulsion scores.

Previous research has suggested a possible relationship
between brain monoamines and the neuropharmacological
actions of ethanol?-%. In particular, brain dopamine has
been implicated in the soporificl® as well as the stimu-
latory actions of ethanol'. Although GorpsTEIN!? has
reported on the effects of drugs which modify neuro-
transmission on ethanol withdrawal reactioms, little or
no information is known with regard to the possible role
of dopamine on the ethanol dependence phenomena.
Here we’ provide evidence to implicate dopamine as a
suppressor of ethanol withdrawal convulsions.

Swiss Webster mice were made physically dependent
on ethanol by the GorpstEIN and Par?? inhalation
technique. Mice were placed in an air-tight chamber and
exposed to ethanol vapor for 3 days, after which time
they were abruptly withdrawn and measured for ethanol
dependence. Dependence was defined in terms of resul-
tant convulsion scores. During the initial 3 days, the
mice were removed once a day for a 45 min period to
permit the collection of blood samples and injection of
68 mg/kg of pyrazole, a compound known to inhibit
ethanol metabolism?* and stabilize blood ethanol levels.
The mice were exposed to a vapor concentration of
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Fig. 1. Effects of dopamine on ethanol-induced symptoms in mice.
@—@, Dopamine injected intracerebrally (i.c.) at 10 ug per mouse
immediately after the 5th and 13th h post-alcohol withdrawal.
@- - -@, Cerebral spinal fluid (CSF) injected intracerebrally at equi-
valent volume to the dopamine injection at the 5th h post-alcohol
withdrawal. At least 10 mice were used in each drug treatment
group. The mean convulsion score (mean ISE) for SCF was 1.25 -
0.09 whereas for dopamine it was 0.66 - 0.06 (p << 0.05).

21 mg/l for these 3 days, and were then removed from
the alcohol vapor chamber 24 h after their last dose of
pyrazole. The grading system for assessing the severity
of the withdrawal reaction has been described by Gorp-
sTEIN and Par1® The mice are observed for approximate-
ly 20 b, with scores recorded hourly. In this abstinence
syndrome, the most useful sign is the convulsion elicited
by holding the mouse up by the tail. The mouse arches
his back, tightens his facial muscles into an abnormal
grimace, and jerks or twirls violently. Each mouse is
given a score from 0 to 4 according to severity of con-
vulsion elicited by handling. The more severe response,
as characterized by spontaneous tonic-clonic convulsion
upon being gently lifted by the tail, is assigned a score of
4, 1f the mouse continues to convulse when replaced in
the cage. A score of 3 is given if the mouse convulses im-
mediately when picked up and does not convulse when
placed back into the cage. A score of 2 is assigned when
the mouse convulses after he is gently giggled. A score of
1 is given when the mouse is gently turned 180°. A score
of 0 is when there is no convulsions folowing all the
above manipulations.

The method of HALEY and McCorMIck 5 was used for
intracerebral injections {i.c.) of drugs into conscious
mice. The landmarks used for locating the site of injec-
tion were strictly adhered to and we noted the same
behavioral effects: quietness for 1 min followed by nor-
mal activity after sham injections and artificial cerebral
spinal fluid (CSF). A 27 guage needle was used in the in-
jection procedure. Separate groups of mice were each

! We thank B. Wicains, S. Erston and Ravt Marin for technical
help. The work was supported gy NIH, Air Force Office of Scien-
tific Research and Pharmaceutical Manufacturers Association
Grants. Dr. Bruw is also a recipient of the Career Teacher Award,
Grant No. 1-T01~-D100290-01.

2 G. RosENFIELD, Q. J1. Stud. Aleohol 27, 584 (1960).

3 A. FevpstelN, F. H. Cuanc and J. M. Kucuansxr, Life Sci, 9,
323 (1970).

* R. G. TaBorsky, Experientia 27, 929 (1971).

5 A. FELDSTEIN, The Biology of Alcokolism (Eds. B. Kissix and H.
BEGLEITER; Plenum Press, New York 1971}, p. 127.

§ K. Brum, W. Catmoux, J. H. Merrirr and J. E. WALLACE,
Pharmacology 5, 294 (1973).

7 K. BLum, W. CaLHOUN, J. E, WaLLACE and 1. GELLER, Pharmac.
Biochem. Behav. 7, 271 (1973).

8 K. BLum, Ju. MERRITT, J. E. WALLACE, R. OwENs, J. W, HanN
and I. GELLER, Current Ther. Res. 74, 324 (1972).

¥ K. BrLuw, J. E. WaLLAce, W. CaLHOUN, R. G. TaBor and J. D.
Eusanks, Experientia 30, 1053 (1974).

1 K. BLum, W. CALHOUN, J. H. MERRITT and J. B. WaLLAcE, Nature
Lond. 242, 407 (1973).

1 A. Carussox, J. ExceL, V. L. F. Stromsom, T. H. SveNssox and
B. WaLpeEk, Nauyn-Schmiedebergs Arch. Pharmac. 283, 117
(1974).

2 D. B. GoLpsTEIN, J. Pharmac. exp, Ther. 786, 1 (1973).

18 D. B. GorpstEIN and N. Par, Science 772, 288 (1971).

14 H. TueoreLL and T. Yowerant, Biochem. Z. 338, 537 (1963).

18 T. J. Harey and W. G, McCormick, Br. J. Pharmac. 72, 12 (1957).



494

given one of the following drug treatments: 1. L-DOPA
(i.p.) at 620 mg/kg daily for 3 days during ethanol vapor
exposure and then on the 4th day after the 5thand 13thh
post-ethanol withdrawal. Controls were given CSF ac-
cording to the same regimen. 2. Dopamine (i.c.) at 10 pg
after the 5th and 13th post-ethanol withdrawal. Controls
were given saline according to the same regimen. Blood
analysis of alcohol was determined by a modification of
the gas chromatographic procedure of WaLrLACE and
Danr1s,
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Fig. 2. Effects of haloperidol on ethanol-induced withdrawal con-
vulsions in mice. The fraction H ~ S/S represents the amount of
intensification of ethanol-induced withdrawal convulsions. The
ordinate as represented as excitatory effect of Haladol indicates
percent excitation or intensification of the response studied. The
abscissa represents hours after ethanol withdrawal. Haloperidol or
saline was injected i.p. after the first hour post-ethanol withdrawal.
Saline was injected at equivalent volume. to 2 mg/kg of haloperidol-
induced intensification of ethanol withdrawal was significant at
least at the (p << 0.05).
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Dopamine Hydrochloride was dissolved in artificial
cerebral spinal fluid and injected intracerebrally (i.c.) at
a volume of 10 yl according to the method of HaLEY and
McCormick . The formula for the artificial CSF is as
follows: NaCl 8.98, KC1 0.25 g/1 g, CaCl, 0.14 g/l, MgCl,
0.11 g/1, NaH,PO, 0.014 g/l, HaHPO, 0.066 g/l, Urea
0.13 g/l and glucose 0.61 g/l

The pH of the solution was adjusted to 7.0 with 0.1 N
NaOH. The dose of dopamine was calculated as the base
rather than the salt form. L-DOPA was dissolved in saline
and haloperidol was supplied in liquid form. Comparable
doses of saline or CSF were administered to the control
groups.

1-DOPA at a dose of 620 mg/kg injected daily for
4 days significantly depressed the withdrawal convulsion
scores in mice. With L-DOPA, the mean convulsion score
(Mean 4 SE) was 1.39 + 0.08 and for saline, it was
2.27 4 0.08 {p << 0.001). The duration of action was at
least 20 h.

Figure 1 shows that dopamine at a dose of 10 pg ad-
ministered into the brain of mice undergoing withdrawal
from alcohol significantly depressed the withdrawal reac-
tion for the first post-injection period (hours 6-13). CSF
control scores were higher (by 1579%) than those of the
dopamine treated at peak difference (Figure 1).

The mean convulsion score, over a 15 h period, for CSF
was 1.25 4 0.09, whereas for dopamine it was 0.66 4 0.06,
(p < 0.01), showing marked inhibition of ethanol with-
drawal convulsions in mice. After the second injection,
little difference could be seen between the CSF and the
dopamine-treated animals. This finding can probably be
attributed to the fact that neither of the two groups were
withdrawing at a significant rate 13 h-after removal from
the chamber. It is useful to note that in doing experi-
ments of this type there is variability in the type of
response elicited by a group of mice. This is why it is
very important to do paired experiments so that the true
drug effect could be determined rather than utilizing a
group of experimental controls as a standard. In fact,
in this experiment the convulsions dropped dramatically
in all the mice just prior to drug injections. This occurs
in some animals but is not consistant enough to be con-
sidered a charateristic sign of this syndrome. In fact, in
another study we have fully characterized this syndrome
and have shown that the withdrawal convulsions con-
tinuously rise and reaches a peak at about the 11th h
following withdrawal from alcohol, and then falls precip-
itously thereafter?s,

Haloperidol, which has been found to be an important
central dopamine receptor blocker!” at doses as low as
2 mg/kg, was found in this study to be effective at both
2 mg/kg and 10 mg/kg in potentiating withdrawal con-
vulsions. At both dose levels, differences were especially
dramatic during the first 6 post-injection hours (p <
0.05). Figure 2 emphasizes the excitatory effect of halo-
peridol in terms of a ratio

H-S (haloperidol convulsion — saline convulsion)

S saline convulsion

According to this ratio, the range of haloperidol-
induced excitation attained a maximum effect of 2319,
at the 2 mg/kg dose. Haloperidol at 1 mg/kg, slightly
increased withdrawal convulsions.
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L-DOPA reduced the ethanol-induced withdrawal con-
vulsions in mice. This suppression effect was also observed
with an intracerebral injection of dopamine in mice
undergoing withdrawal from ethanol vapor. Haloperidol,
a drug reported to block dopamine receptors in the corpus
striatum8, significantly enhanced ethanol withdrawal
convulsions in mice. We suggest that blocking dopamine
receptors would result in augmentation, whereas in-
creasing dopaminergic activity would result in inhibition
of ethanol-induced withdrawal convulsions in mice.

Of interest, small doses of ethanol have been shown to
induce behavioral stimulation in many species, including
man?® 20, This stimulation has been found to be sup-
pressed by dopamine-agonists.

CarrssoN!l suggests that the inhibitory effects of
dopamine-agonists on the ethanol-induced stimulation of
locomotor activity may be mediated by activation of
presynaptic inhibitory receptors. Other work in our
laboratory has shown that raising brain dopamine levels
augments ethanol-induced depression .

SeeMaN and LEE?H22 have shown that ethanol can
induce a release of dopamine, from neurons via a calcium-
propagated coupling mechanism between the impulse and
the neurosecretion of dopamine. In this regard Ross
et al.?® has shown a calcium depleting effect for ethanol
and a dopamine-derived tetrahydroisoquinoline (TIQ)
alkaloid. Work in our laboratory® has shown that TIQ
alkaloids intensify ethanol-withdrawal reactions and
SHEPPARD and BURGHARDT % found that TIQ derivatives
had dopamine receptor blocking activity. Ethanol ad-
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ministration at the same dose levels as were used for
TIQ can significantly block alcohol withdrawal convul-
sions in mice?*, This blocking effect of ethanol on with-
drawal convulsions may be due to its effect on releasing
dopamine 22,

We suggest that drugs which increase functional
activity of dopamine by increasing its release, preventing
its breakdown or increasing its synthesis would retard
ethanol withdrawal convulsions, whereas drugs which
induce lower dopaminergic activity by blocking dopamine
receptors, ephancing its breakdown or inhibiting its syn-
thesis would intensify the ethanol convulsion syndrome.
Experiments are now in progress to test this hypothesis.

18 N.-E. ANDEN, S. G. Burcuer, H. Corropi, K. Fuxe and U.
UNGERSTEDT, Eur. J. Pharm. 77, 303 (1970).

1 G. W. Remp, W. Curting and A. Furst, Psychopharmacologia,
Berl. 7, 346 (1960).

20 A. Carisson, J. ExgeL and T. H. SvenssoN, Psychopharmacolo-
gia, Berl. 26, 307 (1972). ‘

2l P. SEEMAN, A. Starman and M. CHAu-NONG, J. Pharmac. exp.
Ther. 790, 123 (1974).

2 P, SeemaN and T. Leg, J. Pharmac. exp. Ther. 790, 131 (1974).

23 D. Ross, H. Mepina and H. L. CARDENaAS, Science 785, 63 (1974).

2 D. Bruwm, J. D. Eusaxks. J. E. WaLLacg, H. SCHWERTNER and
W. W. Morgan, National Council on Alcoholism Symposium,
Milwaukee, Wisconsin, April 29, 1975; New York Acad. Sci., in
press.

25 H. SHEPPARD and E. R, BurGHARDT, Res. Commun. chem. Path.
Pharm. 8, 527 (1974).

Acute Toxicity of Dimethylnitrosamine in the Presence of Inhibitors of DMN Demethylase
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Summayry. The LDy, of DMN was determined in groups of mice in the presence of inhibitors of DMN demethylase.
Piperonyl butoxide, dibutylnitrosamine and nitrososarcosine had no effect on the acute toxicity of DMN. Diethyl-
nitrosamine and DMN were markedly synergistic. All mice treated with 100 mg/kg diethylnitrosamine and 10.7 mg/kg
DMN died. These results suggest that DMN demethylase may not be involved in the acute toxicity of DMN.

Dimethylnitrosamine (DMN) is a potent carcinogen in
all species tested 2. Generally this carcinogenic action has
been related to enzymatic activation (DMN demethylase)
and methylation of biological macromolecules?®. Inhibi-
tion of this enzyme activity generally results in a sup-
pression of the acute toxicity 3-¢, most frequently measur-
ed as inhibition of protein synthesis. For example, amino-
acetonitrile® and cysteine? inhibit DMN demethylase and
also suppress DMN mediated inhibition of liver protein
synthesis. More recently, nitrososarcosine®, diethyl-
nitrosamines, dibutylnitrosamine’ and piperonyl but-
oxide® have been shown to inhibit DMN demethylase
activity and suppress the inhibition of liver protein
synthesis by DMN.

However, the clearest indication of acute toxicity is
mortality, due to the unequivocal nature of the response.
DMN is highly toxic with a murine LD;, of 19 mg/kg.
We report here an absence of effect by nitrososarcosine,
dibutylnitrosamine and piperonyl butoxide on DMN
LD;, and a marked synergy between diethylnitrosamine
and dimethylnitrosamine.

Male Swiss albino mice weighing between 20 and 25 g
were maintained on Purina chow and water ad libitum.

All injections were i.p. Dibutylnitrosamine and piperonyl
butoxide were dissolved in corn oil and all other chemicals
were administered in aqueous solutions. Nitrosarcosine
was neutralized with 10 N NaOH prior to injection.

Seven logarithmically spaced dose levels of DMN were
used in each of these studies. 7 animals were used in
each group. LD;,’s were calculated by the probit method
of Litchfield and Wilcoxon?. Each experimental point
was fed into a computer and reduced to probits. The
computer performed regression analyses and the LDy,
and its confidence limits and the slope and its confidence
limits were calculated. These experiments were repeated
on separate occasions with the results all identical.
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