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GOTHONI, P. Ethanol withdrawal tremor does not intera('t with physosti~,,mine-induced tremor in rat. PHARMACOL 
BIOCHEM BEHAV 23(3) 339-344, 1985.--Tremor in rats withdrawn from repeated ethanol administration was analyzed 
using an electronic device. The ethanol withdrawal tremor appeared in bursts during the first and second day of withdrawal 
and subsided at the third day of withdrawal. The frequency analysis showed that the mean frequency of withdrawal tremor 
was 6--7 Hz during the 48 hr observation period used. The frequency spectra of tremor induced by physostigmine (0.7 or 0.9 
mg/kg) in control rats revealed that the tremoring frequency encompassed only a narrow peak, which temporarily de- 
creased from 13 Hz to 1 I Hz during the tremoring period. Arecoline (25 mg/kg) also induced tremor with a peak frequency 
at 13 Hz, but this tremor did not show any temporary decrease in peak frequency. The frequency analysis of tremor in 
ethanol withdrawn rats treated with physostigmine showed that the rats trembled at two frequencies, 6-7 Hz and 13 Hz. 
These two frequencies, each characteristic for one of the treatments, remained separate during the 48 hr observation 
period. As these two tremors did not interact with each other, it is suggested that these tremors are mediated by different 
mechanisms in the central nervous system. Thus it seems unlikely that the central muscarinic cholinergic system is 
involved in the genesis of tremor during ethanol withdrawal. 

Ethanol withdrawal tremor Physostigmine Arecoline Frequency analysis 

T R E M O R  is a wel l -known sign of  the withdrawal  state in 
man following repeated or  prolonged ingestion of  significant 
amounts  of  ethanol.  Most of  the available animal models  for 
inducing physical dependence  on ethanol have shown t remor  
to occur  also in rats on abrupt  cessat ion of  repeated ethanol  
administrat ion [I, 5, 9, 12, 13, 16]. Howeve r ,  in these reports  
it is only ment ioned that t remor  is one sign of  ethanol  with- 
drawal without  any detailed analysis of  it. Vol icer  and Hur- 
ter have evaluated the ethanol withdrawal  t r emor  by count-  
ing the number  of  rats showing t remor  on an all-or-nothing 
basis [ 15]. 

The present  exper iments  were designed to analyze in 
more detail the e thanol-withdrawal  t remor  by using an elec- 
tronic device  for measur ing t remor  in rats [6]. Physost igmine 
was used in part o f  the exper iments  because  central  
cholinergic mechanisms have been shown to be involved in 
the genesis  of  different types o f  t remor  [2,3]. 

METHOD 

Animals 

The exper iments  were performed on male Wistar  rats 
(body weight  270-350 g), which were  given standard labora- 
tory pellets and water  ad lib until used. The animals were  
kept on a 12 hr light, 12 hr dark cycle at 22-24°C. 

Measurement o f  Tremor 

T r e m o r  activity was measured  with an e lectronic  device  

as descr ibed by Gothoni  et al. [6]. Power  spectra of  the 
t remor  f requencies  were obtained by processing the 
amplified signal with a mic rocompute r  on-line system [11]. 
The analog to digital convers ion  was carried out by an 8-bit 
A/D-conver te r  and the microcompute r  (Rockwell  AIM-65 
with a memory  size of  36 Kb) was programmed to perform 
spectral analysis in real-t ime. T remor  activity was sampled 
at the rate 128/sec for sample period of  two-second duration. 
Thus the available f requency range is 0-64 Hz  of  which a 
range of  0-40 Hz was used. The power  spec t rum was com- 
puted for each sample period of  256 points by squaring the 
components  of  its fast Four ier  t ransform. Spectra  for con- 
secutive two-second sample periods were  summed con- 
t inuously for 40 seconds to produce the final average power  
spectrum with a resolution of  0.5 Hz. The t remor  intensity is 
given in units of  mill iwatt-gram (mWg) of  the cumulat ive  
t remor  power  during an 8-rain period. The means_+SEM and 
the procentual  distribution of  the peak f requencies  (i.e., the 
f requencies  with the highest t remor  power) in the spectra 
were determined for each t reatment .  

Ethanol Withdrawal Experiments 

In order  to induce physical  dependence  upon ethanol the 
rats were  intubated intragastrically with llY~b (w/v) ethanol 
solution 3 t imes daily, at 8 a.m., 3 p.m. and 8 p.m.,  for 6--9 days 
[ 16]. The rats were weighed daily and the ethanol dose was cal- 
culated according to the body weight. The daily dose of  ethanol 
was 6-9 g/kg. Control  rats were  intubated with similar vol- 
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FIG. 1. Frequency spectra of different tremors as characteristic 
sample recordings of a 40 sec measuring period. A. Ethanol with- 
drawal tremor 116 hr after the last administration of ethanol); B. 
Physostigmine 0.7 mg/kg administered in the morning on the 6th day 
of the intubation period before the next ethanol dose was adminis- 
tered ( 12 hr after the previous ethanol intubation): C. Physostigmine 
0.7 mg/kg at 24 hr after ethanol withdrawal; and D. Physostigmine 
0.7 mg/kg at 48 hr after ethanol withdrawal. The samples of physo- 
stigmine treatments were recorded 4 min after the injection of 
physostigmine. 

umes  of  tap water .  The  rats  were  housed  one to a cage tsimi- 
lar to the t r a n s d u c e r  cage) on a s t andard  l abora to ry  diet  and 
w a t e r  ad lib unde r  a l ighting schedu le  with l ights on from 7 
a .m.  to 7 p.m. 

The  wi thdrawal  t r e m o r  was measu red  dur ing  16-48 hr 
af ter  the last admin i s t r a t ion  of  e thanol  (at 8 p .m. ,  3-4  g/kg). 
Each  m e a s u r e m e n t  per iod  las ted 20-30 min and was re- 
pea ted  3 to 4 t imes  (see be low drug e x p e r i m e n t s  and  Fig. 2). 
The  rats  w i t h d r a w n  f rom e thano l  were  tes ted  with physo-  
s t igmine as desc r ibed  be low (drug expe r i m en t s )  twice  with 
24 hr  in tervals .  

l)rug Experiments 

Cont ro l  ra ts  g iven tap w a t e r  repea ted ly  were  r andomly  
injected IP with physos t igmine  in doses  of  0.7 and 0.9 mg/kg, 
a reco l ine  25 mg/kg or  the  c o r r e s p o n d i n g  a m o u n t  of  0.9('ff 
NaC1 solut ion.  At rop ine  and  m e t h y l a t r o p i n e  were  adminis -  
te red  SC 10 rain before  the  t r em or ogen i c  drug, 

Dur ing the  e x p e r i m e n t s  the  ra ts  were  depr ived  of  l\~od 
and  water ,  The  rats  were  fami l iar ized  with the new envi ron-  
men t  ( t r an sduce r  cage)  for a per iod of  5 min before  the t rem-  
orogenic  drug was injected.  The  record ings  s ta r ted  2 rain 
af ter  the in jec t ion of  the t r em or ogen i c  drug.  Each  cont ro l  rat 
was  used 2-3 t imes  in the  e x p e r i m e n t s  wi th  24 hr  in tervals .  
The  t r e m o r  appa ra tus  was p laced in a quiet ,  artificially 
l ighted room at 22-24°C. The  e x p e r i m e n t s  were  s tar ted at 
8 .30-9.00 a .m.  and  con t inued  for  6 hr. 

Stat is t ical  s ignif icance of  d i f ference  b e t w e e n  the m e a n s  
was ca lcu la ted  by S t u d e n t ' s  t - tes t .  
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FIG. 2. Distribution of the peak frequencies in the frequency spectra 
of ethanol withdrawal tremor. A. 1(>-24 hr after the last adminisua- 
tion of ethanol: B. 36,48 hr after the last administration of ethanol 
and C. 16-48 hr after the last administration of ethanol. "lhe distri- 
butions were calculated on the basis of 123 spectra, collccted from 
20 rat's. 

l)rtt:,,s 

Physos t igmine  sal icylate  (Ph .Nord . ) ,  a recol ine  hydro-  
b romide  (Sigma,  USA) ,  a t rop ine  su lphate  (Ph .Nord . )  and 
me thy l a t rop ine  b romide  (Ph .Nord . )  were d i sso lved  in 0.~::; 
NaC1 solut ion and  admin i s t e red  in a w~lume of  I ml/kg. 
Drugs doses  are given as the base .  
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FIG. 3. Frequency spectra of physostigmine-induced tremors as 
characteristic sample recordings of a 40 sec measuring period. A. 
Physostigmine 0.9 mg/kg, recorded 4 min after injection: B. Physo- 
stigmine 0.9 mg/kg, recorded 6 min after injection: C. Atropine 1.2 
mg/kg 10 min before physostigmine 2.5 mg/kg, recorded 4 min after 
physostigmine injection and D. methylatropine 0.3 mg/kg 10 rain 
before physostigmine 0.9 mg/kg, recorded 4 min after physostigmine 
injection. 

RESULTS 

Etham~l Withdrawal Tremor 

Already after five days of repeated ethanol administration, 
the rats showed withdrawal signs after the longest interval 
before the next ethanol administration (12 hr, between 8 p.m. 
and 8 a.m.). The earliest signs of withdrawal consisted of 
tremor and stiffness of  the tail. When the rats were with- 
drawn from ethanol, signs as general tremor, spasticity, ag- 
gressive behaviour and squealing on touching appeared. Rats 
with a fully developed withdrawal syndrome remained in a 
characteristic posture with paws spread out and with tremor 
in bursts. 

] 'he rats withdrawn from ethanol started to tremble in 
bursts at about 16 hours after the l.ast administration of 
ethanol. These bursts of  tremor continued to appear on the 
second day of withdrawal, but subsided on the third day of 
withdrawal. Thus the observation period of 16--48 hr after the 
last administration of ethanol was chosen for the tremor ex- 
periments. 

Figure IA shows a typical sample recording of tremor 
frequency spectra from one rat withdrawn from ethanol. The 
withdrawal tremor shows a relatively broad peak frequency 
at about 6-7 Hz. This peak frequency was the same during 
the first and second day of withdrawal from ethanol (Fig. 2) 
and was the same in all rats. The intensity of ethanol with- 
drawa[ tremor could not be determined, since the tremor was 
not continuous but appeared in bursts. 

The ethanol treated rats lost about 20c~ of their weight 
during the treatment, whereas the weights of the control rats 
did not change or slightly increased. During the repeated 
ethanol treatment 15-20c2~ of the rats died. The deaths were 
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FIG. 4. Time course of the physostigmine-induced tremoring fre- 
quency. A. Closed squares: physostigmine 0.9 mg/kg; closed triang- 
les: physostigmine 0.7 mg/kg and closed circles: methylatropine 0.3 
mg/kg 10 min before arecoline 25 mg/kg: B. Closed squares: physo- 
stigmine 0.9 rng/kg; open triangles: atropine 1.2 mg/kg 10 min before 
physostigmine 2.5 mg/kg and open circles: methylatropine 0.3 mg/kg 
10 rain before physostigmine 0.9 mg/kg. The vertical bars show the 
SEM from 9--I 1 rats. The asterisks in B indicate significant differ- 
ences (*p<0.05) from physostigmine control values. 

most often due to overdosage of ethanol, because those rats 
which died, were still heavily intoxicated during the last 
ethanol intubation. On the other hand, large enough ethanol 
doses had to be given in order to induce physical dependence 
and withdrawal tremor. Therefore these deaths could not be 
avoided. 

Ph3'sosti~,,mine-htduced Tremor 

At the beginning of the tremor period the physostigmine- 
induced tremor consisted characteristically of a narrow peak 
frequency at about 13 Hz (Fig. 3A). However,  this peak 
frequency was dependent on the duration of time. It de- 
creased significantly (p<0.01) from 13 Hz to 11 Hz causing a 
parabolic shape to the curve (Fig. 4A). Although the peak 
frequency changed, the peak was very narrow (Fig. 3B). The 
change in peak frequency was most clear with the dose 0.9 
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mg/kg of physostigmine (Fig. 4A). Atropine in a dose (I.2 
mg/kg) which clearly antagonized the intensity of the 
physostigmine-induced tremor neither broadened the peak 
frequency (Fig. 3C) nor changed the parabolic shape of the 
curve (Fig. 4B), when the physostigmine dose was increased 
to 2.5 mg/kg in order to induce tremor in the rats. Methylat- 
ropine in a dose (0.3 mg/kg) which did not antagonize the 
physostigmine-induced tremor did not either change the 
peak frequency of physostigmine-induced tremor, when the 
tremor started (Fig. 3D). But it did change the parabolic 
shape of the frequency-time curve by significantly inhibiting 
the increase in peak frequency 10 min after physostigmine 
injection (Fig. 4B). 

Arecoline, 25 mg/kg, produced clear parasympathetic 
signs but not tremor. However, if the rats were pretreated 
with methylatropine 0.3 mg/kg before arecoline (25 mg/kg), 
these parasympathetic signs were clearly less severe and the 
rats trembled. This arecoline-induced tremor showed in the 
frequency spectra a peak frequency at about 13 Hz, which 
did not temporarily decrease as that of physostigmine-in- 
duced tremor (Fig. 4A). 

Physostigmine to Ethanol-Withdrawn Rats 

When physostigmine was administered IP to rats with- 
drawn from ethanol, there appeared two different peak fre- 
quencies in the frequency spectra (Fig. IC and D). The lower 
peak frequency at about 6 Hz is similar to that of ethanol 
withdrawal tremor and the higher peak frequency at 13-14 
Hz is similar to that of physostigmine-induced tremor. These 
two peak frequencies appeared in the frequency spectra as 
soon as the ethanol withdrawal tremor was observed. Thus 
already when the rats treated five days with ethanol were 
tested with physostigmine in the morning 12 hr after the 
previous ethanol intubation, the two peak frequencies were 
observed (Fig. IB). These two peak frequencies appeared 
also on the second day of withdrawal, when the rats began to 
recover from the withdrawal syndrome (Fig. 1D). 

By observing the rats the ethanol-withdrawal and the 
physostigmine-induced tremors could not be differentiated. 
Furthermore, when the frequency spectra revealed the two 
different peak frequencies these could not be verified visu- 
ally. 

Similar to the peak frequency of tremor induced by 
physostigmine (0.7 mg/kg) alone the higher of the two tremor 
peak frequencies induced in ethanol-withdrawn rats de- 
creased with time from 14 Hz (at 4 rain) to 12.5 Hz (at 8 rain), 
but this frequency was significantly higher than that induced 
by physostigmine alone (Fig. 5A). The peak frequency of 
tremor induced by 0.9 mg/kg physostigmine in ethanol- 
withdrawn rats was also significantly higher than that of the 
tremor induced by physostigmine alone (Fig. 5B), However, 
when the physostigmine dose was 0.9 mg/kg, the higher peak 
frequency did not follow a parabolic shape (Fig, 5B). Fur- 
thermore, 0.9 mg/kg of physostigmine was too large a dose to 
administer to rats withdrawn from ethanol because 8 out of 
13 rats died during this treatment. 

Atropine, 1.2 mg/kg, and methylatropine, 0.3 mg/kg, did 
not change the peak frequency of ethanol withdrawal tremor 
(data not shown). In rats withdrawn from ethanol atropine, 
1.2 mg/kg, neither changed the frequency of physostigmine- 
induced tremor (Fig. 5B) nor reduced its intensity (Fig. 6) but 
atropine protected the rats from death. Methylatropine, 0.3 
mg/kg, did not change the tremor frequency response of the 
ethanol-withdrawn rats to physostigmine. So that, this fre- 
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FIG. 5. Time course of the physostigmine-induccd trem~)ring fre- 
quency in ethanol withdrawn rats. A. Closed circles: physostigminc 
0.7 mg/kg and open circles: physostigmine (I.7 mg/kg during ethanol 
withdrawal: B. Open triangles: physostigmine (I.9 mg/kg: closed 
triangles: physostigmine (I.9 mg/kg during ethanoL withdrawal and 
closed circles: atropine 1.2 mg/kg 10 rain before physostigmine (I.9 
mg/kg during ethanol withdrawal: C. Open circles: methylatropine 
0.3 mg/kg 10 min before physostigmine 0.9 mg/kg and open triangles: 
methylatropine 0.3 mg/kg 10 min before physostigmine (1.9 mg/kg 
during ethanol withdrawal. The vertical bars show the SEM from 
9-14 rats. The asterisks indicate significant differences q'p-- ().05, 
• *p<0.01) from physostigmine control values. 
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FIG.  6. T r e m o r  i n t ens i t i e s  in ra t s  a f te r  e thano l  w i t h d r a w a l  and  
physostigmine treatments. Closed squares: physostigmine 0.9 
mg/kg; closed triangles: physostigmine 0.7 mg/kg; open triangles: 
physostigmine 0.7 mg/kg during ethanol withdrawal: open squares: 
methylatropine 0.3 mg/kg 10 min before physostigmine 0.9 mg/kg 
during ethanol withdrawal: closed circles: atropine 1.2 mg/kg 10 min 
before physostigmine 0.9 mg/kg during ethanol withdrawal and open 
circles: physostigmine 0.9 mg/kg during ethanol withdrawal. The 
vertical bars show the SEM from 9-14 rats. The asterisks indicate 
significant differences (**p<0.01) from physostigmine 0.9 mg/kg 
during ethanol withdrawal. 

quency was significantly higher in ethanol-withdrawn rats 
treated with physostigmine + methylatropine than in corre- 
spondingly treated control rats (Fig. 5C). 

The cumulative tremor powers for different physostig- 
mine treatments are shown in Fig. 6. Ethanol withdrawal did 
not change the intensity of  0.7 mg/kg of physostigmine- 
induced tremor, but tended to prolong its duration from 
about 6 min to about 10 rain. However,  ethanol withdrawal 
decreased significantly the intensity of the tremor induced by 
0.9 mg/kg of physostigmine. Atropine, 1.2 mg/kg, did not 
alter the intensity of this tremor. However,  methylatropine, 
0.3 mg/kg, significantly (p <0.01) increased it. 

DISCUSSION 

Rats withdrawn from 6-9--day repeated ethanol adminis- 
tration showed withdrawal signs during 16-48 hr after the 
last administration of ethanol, which is in accordance with 
the findings of Majchrowicz [ 12]. Tremor was not continuous 
but appeared in bursts and was the first sign to emerge and 
the last to disappear when the rat recovered from the with- 
drawal syndrome. The frequency analysis of tremor during 
ethanol withdrawal shows that the tremor power was typi- 
cally concentrated in the frequency spectrum of 6-7 Hz in all 

20 rats studied. This frequency range remained the same 
during the withdrawal period studied. Interestingly, Zilm et  
al. [17] have reported a similar frequency range for the 
tremor of chronic alcoholic patients in withdrawal state. 
Thus, the rat seems to be a suitable animal for studying the 
mechanism of tremor during ethanol withdrawal. 

The frequency analysis of  physostigmine-induced tremor 
shows that the tremoring frequency encompassed only a nar- 
row peak, which temporarily decreased from 13 Hz to 11 Hz 
during the tremoring period. This temporary diminution of 
the peak frequency was not altered by atropine, although 
atropine significantly decreases the intensity of  phy- 
sostigmine-induced tremor [6,7]. However,  methylat- 
ropine inhibited the late increase of the peak frequency 
from l 1 Hz to 13 Hz, and we earlier reported that methylat- 
ropine significantly potentiates physostigmine-induced 
tremor [6]. Arecoline-induced tremor could be observed only 
in rats pretreated with methylatropine, which lessened pe- 
ripheral parasympathetic signs. This finding indicates that 
the arecoline-induced tremor is of central origin and is un- 
masked by prevention of  peripheral parasympathetic signs. 
Moreover,  the arecoline-induced tremor encompassed a 
peak frequency at 13 Hz, which did not temporarily decrease. 

The temporary decrease in peak frequency of 
physostigmine-induced tremor occurred also in rats with- 
drawn from ethanol when the physostigmine dose was 0.7 
mg/kg and ethanol withdrawal did not change the intensity of 
the tremor induced by this physostigmine dose. However,  
ethanol withdrawal decreased the intensity and prevented 
the temporary decrease in frequency of tremor induced by 
0.9 mg/kg physost igmine--a  dose which was clearly toxic to 
ethanol-withdrawn rats. Atropine protected the rats from 
death but it neither changed the intensity nor the frequency 
of the tremor induced by 0.9 mg/kg of physostigmine in 
ethanol-withdrawn rats. Thus these changes of intensity and 
frequency are most probably unspecific. Methylatropine did 
not either change the frequency of the tremor induced by 0.9 
mg/kg of physostigmine in ethanol-withdrawn rats, although 
the frequency was at a significantly higher level than that in 
correspondingly treated control rats. However,  methylat- 
ropine significantly increased the intensity of this tremor, 
which is in accordance with our earlier report that methylat- 
ropine significantly potentiates physostigmine-induced 
tremor possibly by preventing peripheral parasympathetic 
effects of physostigmine [6]. 

The frequency analysis of physostigmine-induced tremor 
during ethanol withdrawal showed that the characteristic 
tremor frequencies of the two treatments remained separate 
in the frequency spectrum. The only difference between con- 
trol and ethanol-withdrawn rats treated with physostigmine 
was an increase in tremoring frequency in ethanol- 
withdrawn rats as compared to control rats. Thus it seems 
that the physostigmine-induced tremor does not interact with 
the ethanol withdrawal tremor. Furthermore,  Goldstein [4] 
reported that physostigmine and atropine have no effect on 
the ethanol-withdrawal reaction in mice. Although Rawat 
[14] reported that cerebral acetylcholine concentration is de- 
creased in mice during ethanol withdrawal, Hunt and Dalton 
[8] did not observe any changes in brain acetylcholine con- 
centration of ethanol-withdrawn rats. Physostigmine- 
induced tremor has been proposed to be mediated mainly by 
central muscarinic cholinergic receptors [6,10]. Thus, on the 
basis of present results it seems unlikely that the central 
muscarinic cholinergic system is involved in the tremor of 
ethanol withdrawal. 
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