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MESSIHA, F S. AND C D. BARNES. Cyclobenzaprine and ethanol interaction. PHARMAC. BIOCHEM. BEHAV. 
10(6) 947-949, 1979.--The effects of cyclobenzapnne, a tricychc compound, on the central depressant action of ethanol and 
on hepatic ethanol metabolizing enzymes were studied in rodents. Administration of cyclobenzaprine, 5 mg/kg, IP, 30 min 
prior to a narcotic dose of ethanol solution, 5 g/kg, IP, enhanced ethanol-produced narcosis m mice. This effect was greater 
in male than in female m=ce. Cyclobenzaprine inhibited endogenous rat liver alcohol dehydrogenase m wtro in the concen- 
tration range between 10-SM and 10-eM. Cyclobenzapnne exerted little effect on hepatic aldehyde dehydrogenase in wtro 
The results suggest that cyclobenzaprine possesses depressant properties and inhibition of hver alcohol dehydrogenase 
may underlie the observed behavioral response studied. It is concluded that alteration of endogenous liver alcohol dehy- 
drogenase by certain tricyclic antidepressant drugs may be involved in the mechanism(s) of their toxic interaction with 
ethanol. 

Alcohol dehydrogenase Cyclobenzaprine Ethanol-narcosis 

CYCLOBENZAPRINE (CBZ), a dibenzocycloheptadiene 
derivative (see Fig. 1), is structurally related to the tricyclic 
antidepressant amitriptyline, except  for the absence of  two 
hydrogen atoms substitutions in the central ring structure. 
Pharmacologic properties of  CBZ include mainly central 
skeletal muscle relaxant activity,  some sedative action, and 
peripheral cholinergic and histaminergic blockade [ 1, 5, 6, 7]. 

The well-known interaction between certain tricyclic an- 
t idepressant drugs and ethanol (ETOH) coupled with the 
structural similarities between CBZ and these agents prompted 
the study of  the effect of CBZ on the central depressant  
action of  ETOH. as measured by ETOH-mediated narcosis 
test in mice, and the investigation of the possible underlying 
mechanism. 

METHOD 

Adult  male and female Sprague-Dawley mice (Texas In- 
bred co.,  Houston TX) weighing 25-33 g, were used. Male 
Sprague-Dawley rats weighing 300-350 g were obtained from 
Holtzman Farms,  Madison WI. Animals were fed Purina 
pellet food, and maintained at 23--25°C, in a room with 12 hr 
light and dark cycles. Drugs were injected intraperitoneally 
(IP). 

Behavioral Studies 

CBZ was dissolved in saline and given to mice, 5 mg/kg, 
IP, 30 min prior to injection of  25% (w/w) ETOH solution, 
5.0 g/kg, IP, which was prepared by diluting 95% ETOH with 
saline. The controls received the vehicle, physiological 
saline, 30 rain before injection of  ETOH. Duration of  
ETOH-narcosis  was considered as the time from the loss to 
the regaining of  the righting reflex and is expressed in min- 
utes. Experimental variables which can contribute to alteration 
in ETOH-narcosis  were also considered [8]. 

II 
CHCH 2 CH 2N (CH3) 2 HCI 

Cyclo benzaprine 
FIG l. Cyclobenzapnne hydrochlonde: N,N-dimethyl-5H-dlbenzo 

[a,d] cycloheptene-A~-propylamine hydrochloride. 

Biochemical Studies 

The in vitro effect of CBZ on rat liver alcohol dehydrog- 
chase (L-ADH) and aldehyde dehydrogenase (L-ALDH) 
were studied in cytoplasmic and mitochondrial preparations 
as the source of the enzymes. For  the in vitro determination 
of  these enzymes,  rats were sacrificed by decapitation, their 
livers removed and individually homogenized in 6.5 volumes 
of  ice cold 0.1 M KCI solution in a Waring blender to obtain 
15% (w/v) homogenates. These were then subjected to 
differential centrifugation to obtain the mitochondrial and 
the cytoplasmic fractions as described in details elsewhere 
[11]. Determinations of  L-ADH were made by a spec- 
trophotometric assay [2] using the cytoplasmic fraction as 
the source of  the enzyme, while rat L -ALDH was assayed 
[3] both in the cytoplasmic and in the mitochondrial prepara- 
tions. Protein determinations were made according to the 
Biuret method. In the spectrophotometric assay,  the refer- 
ence samples (controls) contained all react ion 's  mixture but 
the substrate. CBZ was dissolved in water to obtain the 
molar (M) concentration required in 0.1 ml volume. The ac- 
tivity of the enzymes studied are expressed as specific activ- 
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FIG. 2 The  effect of  cyc lobenzaprme (CBZ) on ethanol pro- 
duced narcosis  m female (left panel) and male (right panel) rmce 
The duration of narcosis ,  measured  as the time elapsed from the 
loss to the regaining of  righting reflex, is gKven tn min. Each bar 
graph represents  m eans  +_ SE d e n i e d  from 13-20 mice 

**p<O.Ol, *p<O 02 

ity, n/Moi/min/mg protein, measured at 30°C. Student 's  t-test 
for independent means was used for the statistical evaluation 
of the data, 

RESULTS 

Figure 2 shows the effect of CBZ on duration of  ETOH- 
mediated narcosis in male (left panel) and female (right 
panel) mice. Administration of CBZ, 5 mg/kg, enhanced 
ETOH narcosis by approximately 92% and 53% (p<0.01) 
from saline-controls in female and male mice, respectively. 
This is compared to 2.7 fold (p<0.01) rise in ETOH narcosis 
in female mice and 1.6 fold (p<0.02) increase in male mice 
from corresponding controls as a function of pretreatment 
with CBZ, 10 mg/kg/IP. 

Figure 3 shows the in vttro effect of  CBZ on specific 
activity of L-ADH. Addition of CBZ, 10-SM, to the reaction 
mixture inhibited specific activity of rat L-ADH from 
14.44 _+ 1,33 to 8.22 - 1.36 nMol/min/mg protein (p<0.01). 
A similar inhibition of rat L-ADH occurred by 10-~M con- 
centration of CBZ (p<0.01). Rat liver mitochondrial and 
cytoplasmic ALDH were not altered by CBZ concentration 
as high as 10-3M in vitro. 

Figure 4 shows the reciprocal plots of control and inhibi- 
tion of rat L-ADH by 10-6M CBZ. The utilization of the 
Lineweaver-Burk reciprocal plots for this kinetic study re- 
veals that CBZ exerted non-competitive type of inhibition on 
L-ADH with a Wma x of 9.6 compared to 14.3 p,M of controls 
and mean Km value of 0.31/zM which was not different from 
that of control value of 0.31 IxM. 

Control t D D  

CBZ Co~c (M) 

FIG 3 The in vitro effect of  cyc lobenzaprme (CBZ) on rat 
hver  alcohol dehydrogenase  (L-ADH) Liver  ADH is ex- 
pressed as specific activity,  nMol /mm/mg protein in the ab- 
sence  (control) and ~n the presence of CBZ, in various 
molar (M~ concentrations. Each point represents means -+ 

SE of 6 independent experiments **p<0.01, *,o<0.02 
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FIG. 4 Reciprocal plots of  rat liver alcohol dehydrogenase  
inhibition by cyc lobenzapnne  (CBZ), 10 6 Molar (M) Each 

point represent  mean  +_ SE of  6 independent  exper iments .  

DISCUSSION 

The present results indicate that CBZ prossesses de- 
pressant properties as evidenced by CBZ enhancements of 
ETOH-mediated narcosis in mice and the previously re- 
por ted  prolongat ion of  pcntobarb i ta l - induced  narcosis  in 
mice with identical doses of CBZ [10]. In this behavioral 
performance test used, CBZ seems to exert central de- 
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pressant action similar to that of the tricyclic depressant 
drugs, e.g., imipramine [4] and other drugs possessing be- 
havioral depressant properties. 

The in vitro inhibition of L-ADH by CBZ is of particular 
interest. For example, if CBZ produces such inhibition in 
vivo then this may increase blood ETOH concentrations 
which can cause prolongation of ETOH narcosis. Further- 
more, it has been shown that short-term administration of 
imipramine did not alter endogenous rat L-ADH from saline 
control in vivo [9]. Thus, it seems likely that minor changes 

in the N-substitution and/or hydrogen saturation of the cen- 
tral ring structure of the tricyclic anti-depressant may pro- 
vide alternative experimental approaches for evaluating new 
clinically useful inhibitors for hepatic ETOH oxidation 
other than that of the toxic pyrazol derivatives. Alterna- 
tively, studying the effect of tricyclic antidepressant and 
other drugs which interact with ETOH on hepatic ETOH 
metabolizing enzymes may be a useful approach for evaluat- 
ing additional mechanisms underlying ETOH-drugs interac- 
tion. 
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