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FRIEDMAN, H. J., M. B. BASS AND D. LESTER. Ethanol-induced analgesia in rats selectively bred for ethanol 
sensitivity. PHARMAC. BIOCHEM. BEHAV. 13(6) 773-776, 1980.--Two rat lines selectively bred for ethanol-induced 
depression of locomotor activity were studied for ethanol-induced analgesia. The effects of ethanol on startle amplitude, 
extent of overt movements and incidence of audible vocalizations in response to intermittent, noncontingent foot shock. 
All three responses were dose-dependently depressed by ethanol (0.66 to 2.0 g/kg, IP), and to greater extent in the "most 
affected" line (MA) than in "least affected" (LA) rats. Ethanol-induced response decrements were reinstated at higher 
shock intensities, indicating a sensory (i.e., analgesic) rather than a motoric or analgesic basis for these effects. Genes 
which influence ethanol's motoric effects might, in part, influence sensitivity to its sensory effects. 

Ethanol Analgesia Ethanol acute tolerance Startle response 
Shock response 

Ethanol pharmacogenetics 

MICE and rats are being selectively bred for responsivity to 
ethanol with the goal of elucidating the brain mechanisms 
which respond to this drug. Mice have been bred for differ- 
ences in the duration of ethanol-induced "sleep-time" [9], 
and rats have been bred for differences in depression of 
spontaneous locomotor activity following 1.5 g ethanol/kg 
[13, 14, 19, 20]. Thirteenth generation rats of the "least af- 
fected" (LA) line showed about a 40% mean decrease in 
locomotor activity after ethanol whereas those of the "most  
affected" (MA) line showed a mean decrease of about 90% 
[7]. Ethanol-induced activity decrements follow a dose- 
response relationship in both lines, and a line difference is 
evident over a range of doses [19]. In addition, the duration 
of ethanol-induced sleep-time is significantly greater in MA 
than in LA rats [14]. No major differences in blood [14] or 
brain [3] ethanol levels or rate of ethanol clearance [7] have 
been found. 

Ethanol has effects on sensory as well as motor systems 
[17]. For example, a dose of 1.5 g/kg, IP, decreased the 
amplitude of evoked potentials recorded from the visual cor- 
tex of rats [4] and rapid IV infusion of 1.0 g/kg decreased the 
amplitude of auditory evoked potentials in cats [12]. Ethanol 
also has analgesic properties; it was reported to increase the 
heat duration pain threshold in humans [18], the tooth pulp 
pain threshold in rabbits [11,15], the foot or tail shock inten- 
sity threshold and the response to foot shock in rats [1, 5, 6]. 

The activity measure used as the phenotype for selective 
breeding is an emitted motor response. Other measures 
studied, e.g., open field and running wheel activity [ 14], have 
also been emitted responses. The effects of ethanol on three 
elicited responses to suprathreshold foot shock were meas- 
ured in these experiments; two of the responses were motor 

responses (startle amplitude and overt movements) and one 
was non-motor (vocalizations). A dose-response relation 
was demonstrated and the relation between sensitivity to 
sensory and motor effects of ethanol was evaluated with LA 
and MA rats bred for ethanol sensitivity. The possible role of 
motor impairment in the apparent analgesic action of ethanol 
was also studied. 

METHOD 

Animals 

Eight male rats from the 15th generation of each line were 
used. One week prior to testing they were implanted with 
subcutaneous electrodes while under light CO2-ether 
anesthesia [1]. The animals were group housed with water 
and Purina Lab Chow available ad lib. Vivarium lights were 
on between 0700 and 1900 hr. 

Procedure 

Shocks were delivered through the subcutaneous elec- 
trode, as previously described [1]. Movement of the animal 
in response to shock produced a current in a coil mounted on 
the underside of a stabilimeter platform; a peak reading 
voltmeter converted the greatest voltage produced within 400 
msec of shock onset to a proportional numerical score. 

The experimental design was two 4x4 Latin squares so 
that each rat received each ethanol dose (0.0, 0.67, 1.33 and 
2.0 g/kg, IP) in a random order. Ethanol was given as a 10% 
(w/v) solution in isotonic saline; the zero dose was an 
isotonic saline injection of the same volume as the highest 
ethanol dose (20 ml/kg). Twenty rain after injection an animal 
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FIG. 1. Effects of ethanol dose and shock intensity on amplitude of 
the shock-induced startle response in rats selectively bred for sen- 
sitivity to ethanol-induced depression of activity. 
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FIG. 2. Effects of  ethanol dose and shock intensity on incidence of 
shock-elicited audible vocalizations in rats selectively bred for sen- 
sitivity to ethanol-induced depression of activity. The maximum 
possible score was 10. 

was attached to the shock lead and placed in the test 
chamber. 

Testing consisted of 15 noncontingent 0.5 sec shocks, five 
at each of three intensities (0.5, 0.8 and 1.3 mA) delivered on 
a variable time 60 sec schedule (range 15 to 105 sec) in a 
random order. The shock order was changed each test day; 
two days separated each successive test day. Three response 
measures were recorded: (1) amplitude of the startle re- 
sponse displayed by the peak reading voltmeter; (2) presence 
or absence of an audible vocalization immediately following 
the shock, independently scored by two observers; and (3) 
overt movements following the shock, scored independently 
by both observers and rated as 0 for no discernible response, 
1 for a discernible response with, at most, movement of one 
forepaw, 2 for movement of both forepaws and/or one 
hindpaw, and 3 for movement of both hindpaws. 

One to two weeks later the same LA and MA rats were 
retested to determine if the response attenuation following 
ethanol might be attributable to motor impairment and seda- 
tion rather than reduced sensitivity to pain. They were given 
2.0 g ethanol/kg, IP, 20 minutes prior to testing. Only two 
shock intensities, 1.3 and 2.5 mA, were used in this experi- 
ment. Five shocks at each intensity were delivered in a ran- 
dom order on a variable time 90 second schedule (30 second 
increments). 

The mean of the five responses at each shock level was 
taken as the startle amplitude score for that intensity. The 
vocalization score was the sum of the number of vocaliza- 
tions recorded by each observer for the rat at each shock 
level for a maximum score of 10. The overt movement score 
was summed over the five shocks at each shock level and 
over each observer for a maximum of 30. One observer was 
blind to shock intensity and the other to the administered 
dose. Interobserver agreement on vocalizations was found to 
exceed 95%, and overt movement ratings were highly corre- 
lated [1]. 

RESULTS 

Startle amplitudes at each dose and shock intensity are 
shown in Fig. 1. Analysis of variance indicated a significant 
ethanol dose effect, F(3,36)= 15.84, p<0.0001. A significant 
shock x dose × line interaction, F(6,72) = 2.36, p <0.04, indi- 
cates that the lines responded differently to ethanol's anal- 
gesic action. In addition, there were significant days x shock, 
F(6.72)=3.02, p<0.02, daysxline,  F(3,36)=4.06, p<0.0001, 
and days x shock x line, F(6,72)=6.98, p<0.0001, interac- 
tions. 

The Scheffe test for post-hoc comparisons (alpha=0.05) 
was used to determine whether particular means differed 
significantly. There was no line difference in startle ampli- 
tude at the zero dose at any shock intensity. At the lowest 
shock level (0.5 mA) no effect of dose or line was evident. At 
0.8 mA, MA rats showed significantly lower startle ampli- 
tude than LA rats after 0.67 g/kg. LA rats showed no signifi- 
cant decrease in startle amplitude from 0 to 2.0'g/kg, whereas 
MA rats showed a decrease that was maximal at 1.33 g/kg, 
and nearly so at 0.67 g/kg. The lines were also differentially 
affected by ethanol at 1.3 mA, but the differences became 
evident at higher doses. There was a further reduction in 
startle amplitude of LA rats from 1.33 to 2.0 g/kg, but maxi- 
mal analgesia was again produced by 1.33 g/kg in MA rats. 

On the vocalization measure (Fig. 2), there were signifi- 
cant effects of dose, F(3,36)=11.38, p<0.0001, and shock 
intensity, F(2,72)=3.27, p<0.05. Significant interactions 
of shock×dose×line,  F(6,72)=3.30, p<0.01, and shockx 
day×line,  F(6,72)=4.93, p<0.001, were also found. There 
was no line difference after saline treatment. At 0.5 mA 
shock, vocalization in LA rats was lower after 1.33 g/kg than 
after saline, but there was no such attenuation in MA rats, 
possibly due to their slightly lower response incidence under 
saline. The lines were affected similarly by ethanol at 0.8 mA 
shock; vocalizations declined with increasing dose. The lines 
did, however, differ in response to ethanol at 1.3 mA shock. 
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FIG. 3. Effects of ethanol dose and shock intensity on overt move- 
ments elicited by shock in rats selectively bred for ethanol-induced 
depression of activity. The maximum possible score was 30. 

L inear  t rends for dose were  ev ident  for each  line, and the 
shock x line x dose l inear interact ion was significant, F(1,72) 
=5.01, p<0 .03 ,  indicating that incidence of  vocal izat ion in 
MA rats was more  sensit ive to depress ion by ethanol  than 
was that o f  L A  rats. 

Over t  m o v e m e n t  scores  are presented  in Fig. 3. There  
were  main effects of  dose,  F(3,36)=28.2,  p<0.0001,  days,  
F(3,36)=6.28,  p<0 .002 ,  and shock intensity,  F(2,72)=4.41, 
p<0.02.  Significant interactions were:  shockxdose ,  F(6,72)= 
3.61, p<0.005,  s h o c k x d o s e × l i n e ,  shockxdays ,  shockxdays  
x l ine  (all p<0.0001).  MA rats were  more  react ive  than 
L A  rats at all shock intensities after saline injection.  A 
line difference in response  to e thanol  was ev ident  at 0.5 
and 0.8 mA shock. M A  rats were  significantly affected by 
the low dose of  0.67 g/kg at both  intensit ies;  L A  rats showed 

no dec rement  in response  until a dose  of  1.33 g/kg at 0.8 mA 
and until 2.0 g/kg at 0.5 mA.  

Responses  to the two shock intensities on the second test  
sequence  are shown in Table  1. Paired t tests indicate that 
the responses  in both lines to 2.5 mA shock were  signifi- 
cantly greater  than those  to 1.3 mA shock on all three meas-  
ures. Fur thermore ,  responses  to 2.5 mA were  significantly 
greater  than the responses  to 1.3 mA after 2.0 g/kg in the first 
sequence .  On the o ther  hand,  there were  no differences in 
response  to 1.3 mA be tween  the two sequences .  The 
re ins ta tement  of  responsivi ty  to shock by sufficient intensity 
indicates that e thanol ' s  effect  on react ivi ty  is not  attr ibutable 
to motor  impairment.  The  results suggest an influence on 
sensory responsiveness .  

DISCUSSION 

Startle ampli tude,  vocal izat ion and over t  movemen t s  
were  reliable indicators o f  pain, and ethanol  produced  
analgesia on all the measures ,  decreasing the response to 
shock as a funct ion of  dose.  The at tenuat ion of  response  to 
shock appeared to be a reduct ion in sensit ivity to pain rather 
than sedat ion or  motor  impairment  since the response  was 
res tored when  the shock level  (and the degree of  pain) was 
increased.  

Some distinctions be tween  the three measures  were  evi- 
dent.  The  motoric  responses  were  more greatly influenced 
by repeated testing than were  vocal izat ions.  Effects  of  days 
and days x s h o c k  interact ions on over t  m o v e m e n t s  and on 
startle ampli tude were  significant. Although shock inten- 
sities in these  studies were  suprathreshold,  present  observa-  
t ions appear  to be in accordance  with resul ts  o f  studies 
o f s h o c k  thresholds :  m o v e m e n t ,  but  not  voca l iza t ion  
thresholds,  were  e levated by previous  exper ience  with shock 
[8]. 

Line  differences in response  to e thanol  were  found with 
all three measures .  The  MA line was more sensit ive:  at 
low doses ,  analgesia was more pronounced ,  and maximal  
analgesia was attained at lower  doses  than in the L A  line. 
These  results are consis tent  with line x dose interact ions ob- 
served with depress ion of  locomotor  act ivi ty [ 19], the effect 
for which these animals were  select ively bred.  

T A B L E  1 

RESPONSES TO FOOTSHOCK WITH ETHANOL IN RATS BRED FOR ETHANOL SENSITIVITY 

Measure Line First sequence t a Second sequence t b Second sequence t c 
1.3 mA 1.3 mA 2.5 mA 

Startle 
Amplitude LA 2.19 -+ 1.68 1.63 6.69 - 2.20 2.85* 11.89 - 1 .33  5.15t 

MA 2.04 _ 1.73 0.94 0.39 -+ 0.14 4.04t 8.48 - 2.02 3.11" 

Vocalization LA 2.38 - 1.13 0.28 2.63 -+ 1 .43  2.70* 5.75 +- 1.49 2.79* 
MA 0.88 +_ 0.52 0.74 1.63 -+ 0.96 3.78t 5.13 - 1.27 3.93t 

Overt movements LA 9.75 - 1.92 1.13 11.50 - 2.15 7.55t 19.38 - 1.69 4.86t 
MA 11.25 _+ 3.14 1.01 7.60 ___ 2.02 4.95t 18.75 -4- 1.97 2.79* 

Values are means --- SE. 
aStudent's t-test for paired data (df=7) comparing responses to 1.3 mA in first and second test se- 

quences. 
bStudent's t-test for paired data (df= 7) comparing responses to 1.3 and 2.5 mA in second test sequence. 
cStudent's t-test for paired data (df=7) comparing responses to 1.3 mA in first sequence and 2.5 mA in 

second sequence. 
*p<0.05. 
tp<0.01. 
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The  M A  and  L A  lines were  s imilar  in the i r  base l ine  (zero 
dose)  r e s p o n s e s  on  s tar t le  ampl i tude  and  voca l iza t ion ,  bu t  
di f fered on  over t  m o v e m e n t s .  L ine  d i f fe rences  in the  ab- 
s ence  of  e thano l  have  b e e n  no t ed  prev ious ly :  L A  ra ts  are 
more  ac t ive  in the  r unn i ng  whee l  [14] and  swim more  s lowly 
t h a n  M A  rats  [2]. The  h y p o t h e s i s  was  a d v a n c e d  tha t  the  
degree  of  r e s p o n s e - p r o d u c e d  f e e d b a c k  could  be  a source  of  
these  l ine d i f fe rences ;  M A  ra ts  may  h a v e  a more  sens i t ive  
neura l  appa ra tu s  and  more  in t ense  f eedback  f rom runn ing  
whee l  ac t iv i ty  or  swimming  might  be  more  ave r s ive  [14]. In 
the  p re sen t  e x p e r i m e n t s ,  h o w e v e r ,  it is unl ikely  tha t  the re  is 
any  apprec i ab le  d i f fe rence  in the  degree  of  f eedback  associ-  
a ted wi th  s tar t le  ampl i tude  and  over t  m o v e m e n t s ,  two indi- 
ces  of  essent ia l ly  the  same  response .  

In some  cases  initial d i f fe rences  in r e s p o n s e s  of  rat  s t ra ins  
can  have  impl ica t ions  for  eva lua t ing  drug effects .  In  meas-  
u r e m e n t  of  the  t h r e sho ld  for  the  f l inch- jump r e s p o n s e  to foot  
shock ,  F i s h e r  ra ts  were  not  only  more  r eac t ive  t han  
Sp rague -Dawley  rats ,  bu t  a lso d i sp layed  less re la t ive  mor-  
ph ine  ana lges ia  [16]. H o w e v e r ,  d i f ferent ia l  sens i t iv i ty  to 
e thano l  by  the  M A  and  L A  rat  l ines was not  a t t r i bu tab le  to 
d i f fe rences  in initial p e r f o r m a n c e  wi th  i m p a i r m e n t  of  swim- 

ming [2] or  wi th  ana lges ia  in this  s tudy.  E thano l  p r o d u c e d  a 
different ia l  effect  in the  l ines wi th  the  M A  rats  exh ib i t ing  
g rea t e r  ana lges ia  a l though  they  were  init ially more  reac t ive  
on  the  ove r t  m o v e m e n t  measu re .  

Di f fe rences  b e t w e e n  the  l ines b red  for  e thano l  sens i t iv i ty ,  
b o t h  wi th  and  wi thou t  e thano l ,  may  help to e luc ida te  
e t h a n o l ' s  m e c h a n i s m  of  ac t ion  and  the  in te r - re la t ionsh ips  be-  
t w e e n  its var ious  effects .  L ine  d i f fe rences  in e thano l  
ana lges ia  r epo r t ed  he re  are  in the  same d i rec t ion  as the  de- 
p re s s ion  of  l o c o m o t o r  ac t iv i ty  for  which  the  l ines have  been  
se lec t ive ly  bred .  This  might  sugges t  c o m m o n  med ia t ion  of  
t he se  effects ,  but  the  l ine d i f ference  in d e p r e s s i o n  o f  ac t iv i ty  
is more  p r o n o u n c e d  wi th  vi r tual ly  no  over lap  b e t w e e n  the  
l ines.  Bo th  effects  are l ikely to be  polygenic ,  the  se lec t ion  
p r o c e s s  ac t ing on  popu la t ions  o f  genes .  S ince  analges ic  ef- 
fects  involve  sensory  p roces se s ,  d i f ferent  popu la t ions  of  
genes  may  be involved .  P re sen t  resul t s  sugges t  par t ia l ,  bu t  
p e r h a p s  apprec iab le  ove r l ap  of  the  popu la t ions  o f  genes  
med ia t ing  these  effects .  D e s c e n d e n t s  of  hybr ids  ob ta ined  
f rom cross ing  the  l ines can  be  used  to fu r the r  exp lo re  this  
poss ibi l i ty .  
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