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Abstract. The thresholds for startle responses to electric shock were measured 
in adult male Wistar strain rats given ethanol daily in doses rising from 3 to 7 g/kg 
over a 30-day period, and in controls receiving equicaloric doses of sucrose. Tests 
made 23, 36, or 47 h after ethanol (i.e., during partial or complete ethanol with- 
drawal) gave threshold values significantly lower than those obtained with 
sucrose-treated controls. The difference became greater after longer ethanol treat- 
ment and larger doses. However, when threshold measurements were made under 
the acute influence of ethanol in the experimental group, the mean values were 
virtually equal to those of the sucrose controls. This normalization, by ethanol, 
of a disturbance produced by absence of ethanol in a chronically treated animal 
is indicative of physical dependence. Following termination of ethanol treatment 
there was a gradual return of startle thresholds almost to control values over a 
relatively short period, indicating that  the changes underlying the hyperexcitability 
are readily reversible. 

Key-Words: Ethanol --  Tolerance --  Dependence --  Withdrawal R e a c t i o n -  
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The chronic inges t ion  of  large a m o u n t s  of  e thano l  is well  known to 
give rise to  increased  to le rance  and  to  phys ica l  dependence  which is 
mani fes ted  as w i thd rawa l  s y m p t o m s  ranging  in  seve r i ty  f rom "shakes"  
and  insomnia  to  de l i r ium t remens .  Accord ing  to  one hypothes i s  (Collier, 
1965), increased  to le rance  a n d  phys ica l  dependence  could  represen t  
two aspects  of  the  same cel lular  response to  chronic exposure  to  a drug.  
Pha rmaco log ica l  inves t iga t ion  of  the  mechan i sm of  these  changes,  and  
of  t he  re la t ionship  be tween  them,  would  be he lped  subs t an t i a l l y  b y  the  
deve lopmen t  of  sensi t ive a n d  re l iable  me thods  for measur ing  to lerance  
and  phys ica l  dependence  in  l a b o r a t o r y  animals .  One m e t h o d  for measur-  
ing minor  degrees of  e thano l  i n tox ica t ion  was descr ibed  r ecen t ly  (Gib- 
bins et al., 1968), and  has  been employed  successful ly to  demons t r a t e  the  
t ime  charac ter i s t ics  of  acquis i t ion  and  loss of  tolerance,  dur ing  a n d  a f te r  
chronic a d m i n i s t r a t i o n  of  e thano l  to  r a t s  (LeBlanc et al., 1969). The 
p re sen t  p a p e r  descr ibes  a m e t h o d  for following the  course of  deve lopmen t  
of  phys i ca l  dependence  on e thanol .  
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I t  has been reported that  ethanol, administered by gavagc in doses 
of 1--4 g/kg, produces a significant elevation of the threshold stimulus 
for electroshock seizures in both rats (Allan and Swinyard, 1949) and 
mice (McQuarrie and Fingl, 1958), In  the latter study it was noted that  
the elevation of threshold was followed by a decline to subnormal values 
for a variable period of time following termination of the alcohol intoxica- 
tion. The duration and intensity of this reactive hyperexcitability were 
found to be proportional to the intensity and length of the preceding 
period of intoxication, ranging from a few hours after a single dose 
of ethanol, to several days following a two week program of adminis- 
tration of 2 g/kg every 8 h. McQuarric and Fingl suggested that  the post- 
withdrawal hyperexcitability was an easily measurable manifestation of 
physical dependence. 

However, electroshock seizures are complex responses which are 
difficult to correlate with spontaneous withdrawal phenomena. Spontan- 
eous convulsions have been observed in severe withdrawal reactions in 
man (Victor, 1966), dogs (Essig and Lam, 1968), monkeys (Ellis and 
Pick, 1970) and mice (Freund, 1969), but  not in rats. Moreover, ethanol 
was shown to have different effects upon different parameters of electro- 
shock seizures (MeQuarrie and Fingl, 1958). Therefore it  seemed @sir- 
able to explore another measure of hyperexcitability, more closely related 
to normal sensory pathways and motor responses, which might provide 
an indication of lesser degrees of withdrawal reaction. The "flinch jump" 
procedure (Kimble, 1955; Evans, 1961, 1962; Hoffman et al., 1964) was 
selected for this purpose. Essentially, this consists of measurement of the 
threshold intensities of electric shock, delivered through a grid on which 
the animal is standing, required to make it  flinch (i.e., to lift one paw) 
or to jump off the grid. Comparison of the thresholds for the animals 
before, during, and after chronic ethanol t reatment was found to provide 
a useful index of the degree of alcohol dependence produced. 

Methods 

The apparatus consists of 4 Lucite test chambers, each about 20 cm 
long, 13 cm wide, and 25 cm high, with a grid floor through which brief 
shocks of various intensities can be delivered at  variable time intervals. 
The grid is composed of 16 stainless steel rods, 3.2 mm in diameter set 
1.25 cm apart. The back and both ends of each compartment are painted 
black. The grid is electrified (alternate bars connected, shock not scrambl- 
ed) by a step-up transformer with a center-tapped secondary through a 
small autotransformer from an A.C. power source. The secondary voltage 
rating of t h e  transformer is 240-0-240, and the output  42 volt amps. 
A double-pole 4-position switch serves the dual function of changing the 
output  voltage connections from a given value to double tha t  value, and 
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switching a vol tmeter  to suit the connections. The shock voltage is 
delivered to each of the individual grid floors through a 450,000 ohm 
resistor (non-inductive) so tha t  each animal has his own Hmiting resistor. 
Assuming tha t  the animal contributes an additional 50,000 ohms, the 
total  resistance in each circuit is 500,000 ohms. This provides a conve- 
nient basis for determining the intensity of the shock from the voltage 
registered on the voltmeter.  A tape-programmer and interval t imer are 
used to control the presentation of shock stimuli. A signal light is 
act ivated each time the equipment delivers a stimulus, even when the 
voltage of the lat ter  is set a t  zero. 

Thresholds were determined by  the method of constant stimuli 
(Guilford, i954; Hoffman e~ al., i964). Each animal was given a 2 rain 
period of adaptat ion in the compar tment  after which 6 different shock 
intensities (0.0, 0.i,  0.2, 0.3, 0.4 and 0.5 mA) were presented l0 times 
each in a pre-dctermined random order. The duration of each shock 
was 0.5 see and the inter-shock interval varied randomly about  a mean 
of 12 sec. At the end of each block of 12 trials the animal was removed 
from the compar tment  and the grid floor wiped clean. 

The subjects'  responses to the shock stimuli were classified as "flinch", 
" jump" ,  or "no response". "Flinch" was recorded when the animal made 
an abrupt  startle-like movement  without removing more than one paw 
from the grid. " J u m p "  was recorded if two or more paws were removed 
from the grid in response to the shock stimulus (Kimble, 1955; Evans, 
1961). Throughout the experiment the animals were tested by  the same 
three experimenters. One set the shock intensities while each of the 
other two observed and recorded the responses of two animals at  a 
time, as dictated by  the signal lights. The lat ter  two observers did not 
know which animals had received which t reatment .  In  a preliminary 
experiment in which the same two observers independently classified 
the responses of the same pairs of l0 animals during 8 test  sessions of 
i20 trials each, the inter-observer reliability coefficients were all found 
to exceed r ~ 0.93. These results agree very well with those reported by  
Evans (196i) and support  his conclusion tha t  the visually detected 
response pat terns  are satisfactorily discriminable. 

Twenty-four naive, male Wistar  strain rats  (initial weights 288 to 
4i6  g) were randomly assigned to 2 groups of equal size. For the first 
6 days of the experiment both groups were intubated with a 500/0 (w/v) 
solution of sucrose in tap water, in an amount  calorically equivalent to 
a 3 g/kg dose of ethanol, and tested on days 2, 4 and 6, 23 h after intuba- 
tion. Thereafter,  the experimental animals were given ethanol (30~ w/v 
in tap  water) in regularly increasing doses and the controls equal volumes 
of the equicaloric solution of sucrose. Beginning on day  6 with 3 g/kg 
the ethanol dose was increased by  1 g/kg every 6 days until a level of 
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7 g/kg was reached on day 31. This dose was maintained until day 37, 
after which both ethanol and sucrose treatments were discontinued. 

Threshold determinations were made every second day during the 
chronic treatment period and daily during the withdrawal period. With 
the exceptions noted below, the animals were tested on the second and 
fourth days of a given dose level, 23 h after intubation, at which time 
previous experience (Hawkins et al., 1966; Khanna et al., 1967) had 
indicated that  there would be little or no residual alcohol in the blood. 
On the sixth day at  each dose level the test was done 30--35 rain after 
intubation, at the probable time of peak blood level. This time was 
chosen because earlier work (Kalant and Czaja, 1962) had shown that  
doses of as much as 4 g/kg by garage produced their maximum intoxicat- 
ing effect in 30--60 min. The tests on days 32 and 37 were given 36 h 
after intubation, and the test on day 34 at 47 h after. The reason is 
explained in the section on "Results". Blood samples (0.05 ml from the 
tip of the taft) were taken immediately after the test sessions on days 12, 
18, 24 and 30, and immediately before testing on day 28, and later 
analysed for alcohol concentration by the deprotcinization and gas- 
chromatographic methods described by LeBlanc (1968). 

Results 
The mean values for the startle thresholds of the two groups were 

quite stable and not importantly different during the first six days of 
the experiment. Fig.1 shows that  beginning on day 8 and continuing 
throughout the chronic t reatment  period the trend lines diverge con- 
spicuously, the ethanol group showing lower mean thresholds than the 
control groups. The overall mean flinch thresholds for the ethanol and 
sucrose groups during the chronic t reatment  period (but excluding the 
values on days 12, 18, 24 and 30) were 0.21 mA and 0.24 mA respectively; 
the jump thresholds were 0.34 mA and 0.36 mA respectively. During 
the withdrawal period (from day 38 on) there is a gradual increase of 
both flinch and jump thresholds in the ethanol group almost to control 
values. 

Tables 1 and 2 summarize the analysis of the threshold data. I t  can 
be seen that  drugs, doses, and drugs • doses were all significant for both 
measures, although to a lesser degree for the flinch than for the jump 
thresholds. This means that  the flinch and jump thresholds of the ethanol 
animals were lower than those of the controls; tha t  the thresholds varied 
with the amount of sucrose or ethanol administered, and that  the 
effects of change in dose were different for the two treatments. 

In  addition, days, and days • drugs are significant for jump threshold. 
This means that  thresholds on the second test day at  a given dose level 
were different from those on the first, and that  the two treatments differ 
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Fig. i .  Effects of chronic administration of ethanol, and of its withdrawal, on jump 
and flinch thresholds in rats:  ~ jump threshold, sucrose group; o jump threshold, 
ethanol group; �9 flinch threshold, sucrose group; �9 flinch threshold, ethanol group. 
Each point is the mean of 12 animals; S.E. indicated by vertical bars. The boxes 
indicate days on which specified doses of ethanol or equicalorie sucrose were given. 
Arrows indicate times of intubation, either 30 min before (days 12, 18, 24 and 30) 
or immediately after the threshold tests. Threshold measurements made on days 

12, 18, 24 and 30 are not  represented (see Figs.2 and 3) 

Table 1. Analysis el variance o] /linch response 

Source d_~ Mean F P 
square ratio 

Drugs 1 0.i7658 11.23 < 0.005 
Subjects (drugs) 22 0.01573 

Doses 4 0.02477 29.14 < 0.001 

Drugs x doses 4 0.00456 5.36 < 0.001 

Subjects x doses (drugs) 88 

Days 1 0.00187 3.74 hT.S. 

Drugs x days 1 0.00077 1.54 N.S. 
Subjects X days (drugs) 22 

Doses X days 4 0.00234 2.41 /q.S. 

Drugs X doses x days 4 0.00040 0.41 N.S. 

Subjects X doses X days (drugs) 88 0.00097 
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Table 2. Analysis o/ variance o/jump response 

Source dF Mean F P 
square ratio 

Drugs 1 0.16068 8.68 < 0.01 
Subjects (drugs) 22 0.01851 
Doses 4 0.02987 23.90 < 0.001 
Drugs • doses 4 0.00370 2.96 < 0.025 
Subjects • doses (drugs) 88 0.00125 
Days 1 0.00392 5.76 < 0.05 
Drugs • days 1 0.00345 5.07 < 0.05 
Subjects • days (drugs) 22 0.00068 
Doses • days 4 0.00321 3.91 N.S. 
Drugs • doses • days 4 0.00006 0.07 N.S. 
Subjects • doses • days (drugs) 88 0.00082 

in this respect. Specifically, in the ethanol group the threshold tends to 
be lower on the second day than on the first, while the reverse is true in 
the sucrose group. 

To illustrate further the differences between groups, the ratios of 
alcohol:control group mean threshold values were calculated for each 
test day. The  results are shown in Figs. 2 and 3. A fairly steady decline 
in threshold values for the ethanol group relative to the controls is seen 
between days 6 and 22. Following cessation of alcohol treatment there 
was a return of the relative thresholds for both flinch and jump toward 
the control values, which was almost complete by day 45. 

On days 12, 18, 24 and 30, when the experimental animals were 
tested under the acute influence of ethanol, the mean threshold values 
were virtually equal to those of the control group. The mean blood 
alcohol levels of the experimental group immediately after testing on 
days 12, 18, 24, and 30 were 104, 144, 175 and 200 mg/100 ml respectively. 

On day 26 an unexpected rise in relative thresholds for both flinch 
and jump was noted in the alcohol group. Blood samples taken immedi- 
ately before the test on day 28 revealed that  5 of the alcohol-treated 
animals had blood ethanol levels ranging between 50 and 150 rag/100 ml, 
indicating that  the preceding daily dose had not been completely meta- 
bolised in all eases. The results on days 26 and 28 therefore cannot be 
considered true measures of maximal post-alcohol hyperexeitability. 
The same consideration presumably applied to the tests on days 32--38, 
especially since the dose had been increased further. To test this inter- 
pretation, no alcohol was given on day 33, so that  the test on day 34 
was made 47 h rather than 23 h after the last preceding dose of ethanol. 
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~"ig.2. ]~ffects of chronic administration of ethanol ~nd of its withdrawal on thresh- 
old ratio for flinch responses. Each point represents the mean threshold for the 
ethanol group divided by the mean threshold for the control group. The boxes 
indicate the days upon which the specified ethanol doses were given. The arrows 
indicate whether the animals were intuba~ed 30 rain before (days 12, 18, 24 and 30 

marked by vertical broken lines), or immediabely after the threshold tests 
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Fig. 3. Effects of chronic administration of ethanol ~nd of its withdrawal on thresh- 
old ratio for jump responses. Each point represents the mean threshold ~'or the 
ethanol group divided by ~he raean threshold for the control group. The boxes 
indicate the days upon which the specified ethanol doses were given. The arrows 
indicate whether the animals were incubated 30 rain before (days 12, 18, 24 and 30 

shown by vertical broken lines), or immediately after the threshold bests 
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There appeared to be a substantial decline in the relative threshold for 
flinch but  not for jump. Despite continued high dosage, there did not 
appear to be any further lowering of threshold on subsequent tests. 

Following cessation of ethanol treatment,  from day 38 on there was 
a gradual return of both thresholds almost to control values over an 
8-day period. 

Discussion 

Measurements of stimulus thresholds for flinch and jump responses 
in the present study were made under several different conditions with 
respect to ethanol t reatment  and to environmental factors. The mean 
values for both responses by the control group fluctuated during the 
later part  of the experiment, apparently because of variation in measured 
atmospheric humidity. However, since the analysis of the actual test 
values (Tables 1 and 2) showed significant differences between the two 
treatment  groups for comparisons on the same day, it is permissible to 
use the inter-group threshold ratio (alcohol : controls) as an illustrative 
simplification. 

I t  is evident from Figs. 2 and 3 that  the flinch and jump thresholds 
changed in parallel in response to treatment.  Despite some views to the 
contrary, the two responses are generally considered to represent merely 
different degrees of the same startle reflex (Landis and Hunt ,  1939; 
Hoffman et al., 1964). Therefore their parallel course reinforces the 
conclusions drawn from the experiment. As t reatment  was continued 
the ethanol animals became progressively more irritable and difficult to 
handle, although gross tremor or convulsions were not observed. There 
was a clearly evident fall in threshold ratio for both responses from the 
beginning of the alcohol t reatment  period. This is consistent with the 
finding that  alcohol withdrawal signs, including tremor and convulsions, 
could be produced after as little as 5 days of alcohol t reatment in mice 
(Freund, 1969) and 10--18 days in monkeys (Ellis and Pick, 1970). The 
decrease was greater with increasing alcohol dosage from day 6 through 
to day 22, with the sole exception of the flinch threshold on day 16. 

The rise in ratio on days 26 and 28 reflected an artifact of experi- 
mental procedure. The preceding dosage increment had evidently 
raised the daily dose to more than the animals could metabolize in 23 h. 
The finding indicates tha t  observations of alcohol withdrawal phenomena 
made at  a single fixed time after administration of the last preceding 
dose may be misleading, and that  it  is probably desirable in such cases 
to verify by blood analysis tha t  the subjects are actually in a state of 
withdrawal. The ideal procedure for comparative studies would be to use 
a fixed time after return of the blood alcohol level to zero. Since no blood 
ethanol measurements were made from day 28 on, it is impossible to 
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know whether the absence of continued decrease in thresholds during 
the last 9 days of the t rea tment  period was due to residual ethanol or to 
the a t ta inment  of max imum degree of physical dependence. I t  is interest- 
ing to note tha t  in previous work (LeBlanc et al., 1969) the same type of 
dosage schedule resulted in the production of maximum attainable 
tolerance to ethanol in 19--21 days, and further dose increments did not 
increase it. 

On days 12, 18, 24 and 30 the threshold measurements were made 
during the period 30--35 min after the preceding dose of ethanol. Under 
these conditions, after doses of 3, 4, 5 and 6 g/kg the thresholds in the 
alcohol-treated animals, which were markedly reduced when measured 
23 h post-ethanol, returned to approximately the same levels as in the 
controls. This is by  definition an evidence of physical dependence, 
inasmuch as it is a correction or normalization by  ethanol of a disturb- 
ance produced by  absence of ethanol in a chronically t reated animal. 
Further,  the present method provides a means of quantifying the degree 
of dependence a t  earlier stages than the fully developed picture described 
by  other investigators. The changes underlying the hyperexcitabil i ty are 
readily reversible. The t ime of return to normal in the present work is 
of the same order as tha t  required for normalization of the electro- 
convulsive seizure threshold in animals which had received ethanol 
for two weeks (~eQuarrie and Fingl, 1958), and for reversal of tolerance 
to ethanol (LeBlanc et al., 1969) and of cross-tolerance to amobarbi tal  
in ethanol-treated rats (Ratcliffe, 1969). 

The present work shows tha t  chronic t rea tment  with increasing doses 
of ethanol gives rise to an increasing degree of post-alcohol hyper- 
excitability, as demonstrated by  reduction of the threshold for response 
to stimulation via normal sensory pathways.  This schedule of adminis- 
t rat ion was chosen specifically because it had been used in earlier studies 
of the development of tolerance (LeBlane et al., 1969) and because it 
causes minimal morta l i ty  among the experimental animals. Unfortun- 
ately it contains two simultaneous variables, i.e. the duration of treat- 
ment  and the dose level. The relative effects of these two must  be examined 
separately in future work. The present findings do not permit  a con- 
clusion about  the maximal degree of dependence which can be produced, 
but they are compatible with the hypothesis tha t  tolerance to, and 
physical dependence on, ethanol are int imately related processes, or 
two manifestations of the same process. 
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