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WAHLSTROM, G. AND R. LARSSON. Activity pattern and convulsions in the abstinence period after barbital treatments 
in the rat. PHARMAC. BIOCHEM. BEHAV. 6(2) 187-192,  1977. - Barbital solution was given as the only drinking fluid 
to male rats for 50 weeks (daily dose around 200 mg/kg). During the treatment and in the abstinence period activity and 
convulsive episodes were recorded with jiggle cages. Sensitivity to hexobarbital was tested with a threshold method. A 
12:12 hr L:D schedule was used. During the barbital treatment the activity of the treated rats started earlier (prior to light 
off) and ended earlier (prior to light on) compared with controls. A clear 24-hr pattern remained and the total activity was 
the same as in the controls. In the first part of the abstinence period there was a large increase in activity with loss of the 
24-hr pattern. Later in the abstinence period the activity was still increased both during light and darkness but a 24-hr 
pattern influenced by the L:D cycle was re-established. The changes in activity seemed to occur in at least two phases with 
the second phase lasting between abstinent Days 20-60.  A similar two phase pattern was seen also in the changes of tlle 
hexobarbital thresholds. The convulsive episodes had several maxima during the abstinence period. The first one occurred 
around abstinent Days 3 - 4  and the second one was seen around Day 12. After Day 37 no convulsions were seen. All 
recorded changes can tentatively be explained by a common increased excitation in tile central nervous system. 

Barbiturate abstinence Activity Convulsions Tolerance Physical dependence 

C O N V U L S I O N S  are one  of  the  more  serious s y m p t o m s  of  
the increased exc i t ab i l i ty  found  in the  abs t i nence  per iod  
af te r  ch ron ic  b a r b i t u r a t e  a d m i n i s t r a t i o n s  [1, 5, 19] .  This 
increased exc i tab i l i ty  can be quan t i f i ed  in var ious  ways and 
used to r ecord  the  in t ens i ty  of  the  wi thd rawa l  reac t ion  [ 1, 
2, 3, 4, 5 ] .  Increased  exc i t ab i l i ty  in the  cent ra l  ne rvous  
sys tem (CNS) also increases  the  to le rance  to depressan t  
drugs. This means  t ha t  the  to le rance  measu red  in the  CNS 
dur ing  the  abs t i nence  per iod  af te r  ch ron ic  ba rb i t u r a t e  
t r e a t m e n t s  [7, 11, 13] could be due to increased excita-  
t ion.  Such a c o n n e c t i o n  be t w een  increased exc i t a t ion  and 
to le rance  has  recen t ly  been  f u r t he r  i l lus t ra ted  and  e x t e n d e d  
when  it was found  t ha t  convuls ions  in the  abs t inence  per iod 
e i the r  i nduced  by electr ical  shocks  [16]  or occur r ing  
s p o n t a n e o u s l y  [15]  could  decrease  to le rance  measured  
wi th  a h e x o b a r b i t a l  anes thes ia  th resho ld .  These results  
ind ica te  t ha t  convuls ions  could  be no t  on ly  one  of  the  
s y m p t o m s  of  increased exc i t a t ion  bu t  also one of  the  ways 
in which  the  increased e x c i t a t i o n  in the  abs t inence  per iod  is 
reduced.  

Increased  exc i t a t ion  is usual ly  observed for  on ly  a shor t  
t ime  af te r  the  end  of  chron ic  b a r b i t u r a t e  t r ea tmen t s .  
However,  this  did n o t  seem to be the case a f te r  the  r a t h e r  
e x t e n d e d  barb i ta l  t r e a t m e n t  per iod  used to induce  sponta-  
neous  convuls ions  in the  s tudy  m e n t i o n e d  above  [1 5] .  The 
f r equency  of  convuls ions  was still increas ing when  re- 
cord ing  was ended  th ree  days af te r  wi thdrawal .  Since 
to le rance  can be r eco rded  for  long t imes  af te r  the end of  
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similar barb i ta l  t r e a t m e n t s  [13]  a more  deta i led s tudy  of  
the  t ime  pa t t e rn  and re la t ion  be tween  f r equency  of  
convuls ions ,  increased exc i t a t ion  measured  as increased 
act ivi ty and to le rance  in the  abs t inence  per iod  af ter  
e x t e n d e d  barbi ta l  t r e a t m e n t s  was war ran ted .  The results  of  
such a s tudy  are p resen ted  here.  

METHOD 

Male Sprague-Dawtey rats  (N ih /Han /Mol ,  M611egaard, Li. 
Skensved,  D e n m a r k )  were used in the  present  expe r imen t s .  
Thei r  ini t ial  body  weight  was a round  300  g. Three  ra ts  were 
pu t  in to  each cage at the  s tar t  of the expe r imen t .  Two rats  
ou t  of  the  n ine  rats ( th ree  cages) pa r t i c ipa t ing  in the  main  
act ivi ty s tudy  died dur ing  the  barbi ta l  t r e a t m e n t .  Excep t  
for reg is t ra t ion  of act ivi ty  dur ing the  20 th  week of barb i ta l  
t r e a t m e n t  (vide inf ra)  the an imals  were kep t  in the original  
cages dur ing  the  t r e a t m e n t .  The an imal  room was shielded 
f rom all ex te rna l  light. The artificial  l ight  da rkness  schedule  
was 12 hr  of  l ight  and 12 hr  of  darkness  wi th  the  l ight being 
tu rned  o f f  at 08 .00  o 'c lock .  The t e m p e r a t u r e  in the  an imal  
room was kep t  at 26°C. Food  and dr ink ing  fluid were 
available at all t imes. 

Sod ium barbi ta l  was given in the  d r ink ing  water.  The 
c o n c e n t r a t i o n  was 1.67 mg /ml  dur ing the  first week and for 
the  r emain ing  49 weeks was 3.33 mg/ml .  During the first 5 
weeks of  t r e a t m e n t  wi th  the h igher  c o n c e n t r a t i o n  the  
animals  par t i c ipa t ing  in the  main  act iv i ty  s tudy  c o n s u m e d  
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195 ± 3 mg/kg/day  (+ SE) of  barbital.  During Week 25 29 
of the t r ea tmen t  the dose had increased to 227 + 12 
mg/kg/day.  During the final 5 weeks of  the t r ea tmen t  the 
dose was 223 ± 4 mg/kg/day .  These averages are based on 
the weekly means as statistical units.  The average body 
weight of the 7 animals par t ic ipat ing in the activity s tudy 
was 594 -+ 21 g at the t e rmina t ion  of the barbital  t r ea tment .  
The three cont ro ls  that  consumed  tap water  instead of the 
barbital solut ion had at the end of the 50 weeks of  
t r ea tmen t  a body  weight  of 593 ± 16 g. A more  detai led 
analysis of similar t r e a tmen t s  has been given earlier [ 13]. 

Activity and convulsions were de te rmined  by recording 
the activity of  single rats in jiggle cages. Our s tandard  
stainless steel cage (25 × 25 × 20 cm) was placed in a metal  
bow which was suspended f rom a metal  tongue.  Movements  
of the cage were picked up by strain gauges a t tached  to the 
metal tongue and the upper  vertical part of  the suspension 
arrangement .  The movemen t s  of the cage were damp en ed  
by a fur ther  f ixat ion of the bow below the cage. Grass 
polygraphs were used for recording.  

The possibil i ty to record convulsions was de te rmined  in 
separate expe r imen t s  with pen ty lene- te t razo l .  Major convul- 
sive episodes could be picked up with a high degree of 
cer ta inty by the abrupt  start  and the ampl i tude  which 
exceeded  normal  l o c o m o t o r  activity. 

The speed of the Grass polygraph was 5 cm/min  which 
gave a 6 min record on each fold of  the recording paper.  
These 6 min records  were used as the basic activity unit.  
The rat was cons idered  inactive if more  than half  the uni t  
record consis ted of no change in the baseline. This 
inactivity should occur  in not  more  than two separate 
periods. A rat with many short  bursts of  activity was thus 
considered active even if more  than half  the unit  record was 
spent  in inactivity. Since the periods of  activity or 
inactivity in the rat usually were longer than 6 rain the 
in t roduc t ion  of the convenient  6 rain activity unit  did not  
distort  the data in any impor t an t  way. 

An anesthesia threshold  was de t e rmined  by infusion of  
sodium hexobarb i ta l  in a tail vein at a cons tan t  rate of  0.25 
mg/kg/sec (volume rate 0.1 ml /min) .  The e lec t roencephalo-  
gram was recorded during the infusion with stainless steel 
sutures as electrodes.  With these simple e lec t rodes  it was 
easy to pick up the first burst suppression of  1 sec or more  
(the silent second)  which occurred  in the EEG. The silent 
second was used as a threshold  cri terion and the dose of  
hexobarbi ta l  needed  to obta in  the cri terion was calculated.  
Since d i f ferent  animals t ended  to have individual hexo-  
barbital threshold  doses the results are given in per cent of a 
pre-exper imenta l  value ob ta ined  by de te rmina t ions  prior to 
any t r ea tment .  The average pre-exper imenta l  values were in 
the barbital t reated animals 61.3 + 1.0 mg/kg (-+ S E N  = 10) 
and in the cont ro ls  60.2 + 1.9 mg/kg (N = 14). All 
threshold  de te rmina t ions  were pe r fo rmed  during the first 5 
hr of  darkness.  The anesthesia threshold  m e t h o d  is de- 
scribed in detail e lsewhere [ 10].  

After  19 weeks of  barbital  t r ea tmen t  5 rats were placed 
into individual activity recording cages for a per iod of one 
week, Immedia te ly  af ter  the 50 week t r ea tmen t  (designated 
abs t inence day zero) seven rats were placed singly into the 
activity recording cages, where the barbital solut ion was 
replaced with tap water. Except  for technical  failures the 
recording was con t inued  up to Day 60. Three cont ro ls  were 
also recorded in the same way. The animals used for the 
threshold  de te rmina t ions  were part icipat ing in the same 
barbital t r ea tmen t  but  kept  in the activity recording cages 

only be tween  Day 0 and Day 3 of  the abst inence.  The rest 
of the abst inence per iod was spent  in their  home cages. 
These short  activity records in these rats were part of  
ano ther  s tudy not  to be presented  here. 

The doses of the barbi tura tes  used are given as their  
sodium salts. S tuden t ' s  t- test  was used in the statistical 
analysis and where not  o therwise  stated two-sided unpaired 
tests were carried out.  

R E S U L T S  

Activity Pattern During the Barbital Treatment 

In the contro l  rats the main activity was restr ic ted to the 
dark period of  the 12:12 light darkness schedule.  However,  
this main activity period could be subdivided into smaller 
parts by periods of  inactivity lasting somet imes  for several 
hours.  During the light per iod there were only short  bursts 
of activity in terspaced be tween  long per iods  of  inactivity. 
This well known pat tern  has been called polyphasic  by 
Szymanski  [8] or polycyclic  by Klei tman [6] .  

In Fig. 1 the pa t te rn  of  activity in the contro l  rats is 
compared  with the pat tern  seen during the barbital  treat- 
ment .  There are some dist inct  d i f ferences  be tween  the 
pa t te rns  in the two groups. In the control  animals the 
activity was clearly restr icted to the dark period with 
usually less than 20 per cent  of  t ime spent  in the light being 
classified as activity. A clear 24 hr r h y t h m  was also seen in 
the barbital t reated animals but the m a x i m u m  occurred 
earlier and the activity was not  clearly restr ic ted to the dark 
period.  During the light period the most  marked di f ference  
was seen in the t ime interval be tween  04.00 08.00 hr 
(prior  to light off).  In all panels in Fig. 1 the barbital 
t reated animals showed more activity than the controls .  
Significant d i f ferences  (p<0 .05 )  were found on Days 4, 6 
and 7. Because only two values f rom the control  rats were 
obta ined on Day 5 no t-test  was pe r fo rmed  on this day. In 
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FIG. 1. The act ivi ty pattern during the barbital treatment. The 
activi ty was calculated as per cent o f  each 4 hr period. The black bar 
along the abscissa indicates the dark period in the light darkness 
schedule. The barbital treated animals (unbroken line) were re- 
corded l\)r one week after 19 weeks of treatment. The controls 
(broken line) were recorded at the end of the barbital treatment. 
Days were counted from the day the animals were put into tire 
recording cages and are indicated in each panel. The number of 
animals which could be evaluated were 4 in the barbital treated 
group and 3 in the control group except on Day 5 when records 
were obtained from only 2 control rats. In the barbital treated rats 
the range of the standard errors were: on Day 4 3 I1 per cent, on 
Day 5 3-5  per cent, on Day 6 2 7 per cent and, on Day 7 2 15 
per cent. In the controls the corresponding values were: on Day 4 

1 ~5 per cent, on Day 6 2  7 per cent andon Day7 3 8percent .  
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the  o t h e r  t ime  intervals  dur ing  the  l ight  pe r iod  the  pa t t e rn s  
in the  two  groups  were more  similar.  During the dark  
per iod the  c o n t r o l  an imals  a lways showed  more  act iv i ty  in 
the t ime  in terval  b e t w e e n  16.00 - 20 .00  hr  (pr ior  to l ight  
on).  For  this  t ime  in terval  too ,  there  were s ignif icant  
d i f fe rences  ( p < 0 . 0 5 )  b e t w e e n  the  barb i ta l  d r ink ing  animals  
and the  con t ro l s  on  Days 6 and 7. On Day 4 the  p value (p 
less than  0 .10)  po in t ed  in the  same d i rec t ion  bu t  did no t  
reach a two- ta i led  signif icance.  The d i f fe rence  at  the  end of  
the l ight per iod  and  at the  end of  the  dark  per iod  ind ica te  
tha t  the  act ivi ty in the  barbi ta l  t r ea ted  animals  was shi f ted  
forward  and  no t  as s t r ic t ly  regulated by l ight  on  a n d / o r  of f  
as in the  con t ro l  animals.  

The to ta l  t ime  of  ac t iv i ty  (± SE) in the  con t ro l  animals  
was 7.9 -+ 0.2, 7.7 ± 0.3 and 8.6 -+ 0.5 hr  on Days 4, 6 and 7 
respect ively.  The co r r e spond ing  to ta l  t ime  of  act ivi ty  in the 
barb i ta l  t r ea t ed  an imals  was 9.4 ± 0.8, 7.2 + 0.3 and 8.1 + 
0.5 hr  respect ively.  The  d i f ferences  be t w een  the con t ro l s  
and the  barbi ta l  t r ea ted  an imals  were no t  s ignif icant  
( p > 0 . 0 5 )  on any  of  the days. Thus  dur ing  the  barbi ta l  
t r e a t m e n t  the  p a t t e r n  but  no t  the to ta l  a m o u n t  of  act ivi ty 
seemed to be changed.  

Activity Pattern During the Abstinence Period 

A compar i son  of  the  to ta l  t ime  spent  in act ivi ty dur ing  
the  12 hr  dark per iod  b e t w e e n  the  con t ro l s  and the  t rea ted  
rats over  the  abs t inence  per iod is shown in Fig. 2A. In the 
con t ro l  an imals  a p p r o x i m a t e l y  hal f  the  t ime  was spent  in 
act ivi ty.  In the  previously  barb i ta l  t r ea ted  animals  the  
act ivi ty was cons i s t en t ly  increased c o m p a r e d  wi th  the  
con t ro l s  bu t  only  on a few occas ions  was a s ignif icant  
( p < 0 . 0 5 )  increase recorded ,  

Figure 2 B presen ts  s imilar  cri teria to  Fig. 2 A excep t  
tha t  the  12 hr  l ight per iod  is cons idered .  The con t ro l  
animals  had very shor t  burs t s  of  act ivi ty  which  in to ta l  did 
no t  a m o u n t  to  more  than  2 hr. C o m p a r e d  wi th  the  con t ro l s  
the previously  barb i ta l  t r ea ted  an imals  had a very large 
increase in ac t iv i ty  dur ing  the  first par t  of  the abs t inence .  
The peak for  this  ac t iv i ty  dur ing  the  l ight per iod occur red  
a round  Day 3. On several days a r o u n d  this  m a x i m u m  the 
d i f ferences  wi th  the  co r r e spond ing  con t ro l s  were highly 
s ignif icant  ( p < 0 . 0 1 ) .  On Day 20 on ly  a very small  
nons ign i f i can t  increase remained .  A new m u c h  smaller  peak 
was seen on  Day 29. Later  on  the  act iv i ty  was still increased 
in the  previously  barb i ta l  t r ea ted  an imals  bu t  on ly  on 
sporadic  occas ions  was a s ignif icant  d i f fe rence  seen. On Day 
58 the  previously  barb i ta l  t r ea t ed  an imals  for  the first t ime 
in the  abs t inence  per iod  showed  less ac t iv i ty  dur ing  light 
than  the  co r r e spond ing  cont ro ls .  

Since the  act ivi ty  in the  previously  barbi ta l  t r ea ted  
animals  was increased in c o m p a r i s o n  wi th  the  con t ro l s  b o t h  
dur ing  the  dark  (Fig. 2 A) and  dur ing  the  l ight (Fig. 2 B) 
per iod of the  24 hr  l ight  da rkness  schedule ,  the to ta l  
act ivi ty per  24 hr  is of  in teres t .  This is given in Table  1. As 
expec t ed  f rom the  values p resen ted  in Fig. 2 A and  B the 
to ta l  ac t iv i ty  was m u c h  grea ter  for  the  barbi ta l  t r ea ted  
animals.  Of the  days inc luded  in Table 1 a nons ign i f i can t  
d i f fe rence  was o b t a i n e d  on ly  on  Days 20 and 60. The first 
peak in the  to ta l  act ivi ty  f o u n d  in the abs t inence  per iod  
was main ly  due to the  large increase f o u n d  in the l ight  
period.  Af te r  t ha t  there  seemed to  be a more  general  
increased level of  act ivi ty  which  was no t  res t r ic ted  to any 
par t i cu la r  t ime of  the  24 hr  l ight  da rkness  schedule .  

This conc lus ion  is i l lus t ra ted  in Fig. 3 where  some 
examples  of  the act iv i ty  p a t t e r n  are given. On Day 4 there  
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FIG. 2. Time spent in activity during the 12 hours of darkness 
(panel A) and 12 hours of light {panel B) in the 24 hr darkness-light 
schedule. The bar along the abscissa to tile left indicates the last part 
of tile barbital treatment. The standard error of the mean sometimes 
plotted only in one direction is indicated by the vertical line, or, if 
covered by the symbol indicated by a short horizontal line. Filled 
symbols indicate barbital treated animals (N = 7) and unfilled 
symbols indicate controls (N = 3). Differences with a p value less 
than 0.01 are indicated by the longest vertical line on the abscissa, 
differences with a p value larger than 0.01 but less than 0.05 are 

indicated by the shorter vertical line on tile abscissa. 

was a cons i s ten t  high act ivi ty  at  every t ime of  day in the 
previously barbi ta l  t r ea ted  animals .  No act ivi ty  r h y t h m  
with a 24 hr  per iod could be seen. On Day 12 the  act ivi ty 
in the  previously  barb i ta l  t r ea ted  an imals  was more  con- 
f ined to the  dark per iod,  ind ica t ing  a re tu rn  to a 24 hr  
r h y t h m  regula ted  by light. The act ivi ty  was still, at all t ime 
intervals,  greater  than  the  controls .  The pa t t e rn  is similar 
bu t  the increases less marked  on Day 30. On Day 60 there  
is essent ial ly  no  d i f ference  be tween  the two groups of  
animals  a l t hough  the  previously  barbi ta l  t r ea ted  an imals  do 
still t end  to be slightly more  active.  

Convulsive Activity and Tolerance to Hexobarbital During 
the Abstinence Period 

The s p o n t a n e o u s  convuls ions  r ecorded  dur ing  the absti-  
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T A B L E  I 

TOTAL OF RECORDED ACTIVITY IN HOURS ON DIFFERENT DAYS AFTER THE RATS WERE PUT 
INTO THE RECORDING CAGES* 

Barbital Treated Animals Control Animals Difference 
Day* Mean SE N Mean SE N t p 

4 15.2 I. I 7 7.9 0.2 3 4.06 <0.005 
10 12.0 0.8 7 8.0 0.4 3 3.23 <0.02 
12 I 1.6 0.8 7 6.9 0.9 3 3.48 <0.01 
20 9.6 0.9 7 7.7 0.3 3 1.34 NS 
24 9.8 0.5 7 7.6 0.3 3 2.75 <0.05 
30 10.3 0.5 7 8.2 0.4 3 2.83 <0.025 
40 9.6 0.2 7 8.3 0.4 3 2.94 <0.02 
50 9.6 0.5 6 7.7 0.5 3 2.48 <I).05 
60 8.8 0.4 7 8.3 0.2 3 0.71 NS 

*The number of the day corresponds to the time the barbital treated animals have been abstinent. 
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FIG. 3. The activity pattern after the barbital treatment. The 
activity was calculated as per cent of each 4 hr period. The black bar 
along tire abscissa indicates the dark period in the light-darkness 
schedule. The previously barbital treated animals (N = 7, unbroken 
line) and the controls (N = 3, broken line) were recorded from the 
end of the barbital treatment. Days were counted from the day the 
animals were put in the recording cages and corresponds to days of 
abstinence. Day No. 0 was the one in which the recording and tile 
abstinence started. In the previously barbital treated animals the 
range of the standard errors were: on Day 4 4 - 7  per cent, on Day 
12 3 6 per cent, on Day 30 2 5 per cent and on Day 602  4per  
cent. In tile controls the corresponding values were: on Day 4 1 5 
per cent, on Day 12 2 - 1 4  per cent, onDay  30 I 5 per cent and on 

Day 60 2 7percen t .  

nence  period are s h o w n  in Fig. 4 A. The  to ta l  f r e que nc y  
over t ime  has  several s imilar i t ies  with a d a m p e n e d  oscilla- 
t ion. The  first m a x i m u m  was seen on Days  3 4 and  is 

easily recognizable .  The  second  m a x i m u m  is also d is t inc t  
and occur red  on Day 12. Maxima  m a y  occur  later  bu t  are 
ha rder  to ident i fy .  If three  smaller  values  are requi red  on 
bo th  sides to def ine  a m a x i m u m  (disregarding the  late 
sporadic  convu l s ions )  a n o t h e r  m a x i m u m  on Day 25 can be 
no ted .  No convu l s ions  were observed af ter  Day 37 and no 
convuls ive  ep isodes  at all were seen in the  cont ro ls .  

Be tween  Day zero and Day 9 ( the first m a x i m u m ) 4 4  
per cent  of  a total  of  98 convu l s ions  occur red  dur ing  the 
light period.  Be tween  Day 10 and  Day 21 and for the  
recorded  t ime  af ter  Day 21 the  co r r e spond ing  f igures were 
18 per cent  ou t  of  a to ta l  of  68 convu l s ions  and 17 per cent  
ou t  o f  a total  o f  17 convu l s ions  respect ively.  

The  changes  in sensi t iv i ty  to he xoba rb i t a l  were recorded  
with the  th resho ld  m e t h o d .  These  th resho ld  d e t e r m i n a t i o n s  
were no t  p e r f o r m e d  on the an imals  used  to ob ta in  the long 
act ivi ty record.  The y  were kep t  singly in the  act ivi ty 
record ing  cages only  up to Day 3 when  the first t h r e sho ld  
d e t e r m i n a t i o n  in the  abs t inence  per iod was pe r fo rmed .  
Figure 4 B show s  tha t  there  was a decrease in sensi t iv i ty  to 
hexoba rb i t a l  in the abs t i nence  period af ter  the barbi tal  
t r e a tme n t .  This  to le rance  had  a first m a x i m u m  on Days  
7 8 and  a second  m a x i m u m  on Days  28--- 29. On Days 59 

60 there  was still a small  bu t  s ignif icant  ( p < 0 . 0 5 )  
d i f ference  be tw e e n  the con t ro l s  and  the previous ly  barbital  
t rea ted  animals .  The  ne x t  th resho ld  d e t e r m i n a t i o n  was 
p e r f o r m e d  on  Days 73 74. At tha t  t ime no s ignif icant  
d i f ference  was recorded.  

DISCUSSION 

In the p resen t  s t udy  the variables which  were fo l lowed 
dur ing  the  abs t inence  period on ly  slowly r e tu rned  to the  
con t ro l  level. Convu l s ions  had  d i sappeared  a r o u n d  Day 30. 
More t ha n  60 days  were needed  for the changes  in act ivi ty  
and in sensi t ivi ty  to he xoba rb i t a l  to reach the cont ro l  
values. With regard to changes  in sensi t iv i ty  to hexoba rb i t a l  
the du ra t ion  of the  changes  exceeded  the du ra t i ons  found  
in an earlier s t udy  [13 ] .  The  du ra t i on  of  the  p resen t  
barbital  t r e a t m e n t  was also 8 weeks  longer  than  the  
m a x i m u m  t r e a t m e n t  in the e x p e r i m e n t s  repor ted  earlier. 
Since the  barbi ta l  doses  in the p resen t  e x p e r i m e n t  was well 
wi thin  the  range of  doses  ob ta ined  in the earlier experi-  
m e n t s  [13] the  increase in the du ra t ion  of the t r e a t m e n t  is 
the mos t  probable  cause of  the increase in the du ra t ion  of 
the abs t i nence  period.  

In the  data  ob ta ined  with the  hexoba rb i t a l  th resho ld  
(Fig. 4 B) there was recorded  a clear biphasic  pa t t e rn  in tile 
to lerance.  Af ter  a first m a x i m u m  the th resho lds  a lmos t  
r e t u rne d  to the  control  level on Day 21. Later  on a new 
m a x i m u m  was seen. Such a biphasic  pa t t e rn  has earlier been 
recorded in the to lerance  to bexobarb i t a l  af ter  barbi tal  
t r e a t m e n t s  [12,  13, 18].  In the p resen t  e x p e r i m e n t s  the 
data  on the  increase in total  act ivi ty (Table 1) had  the  same 
biphasic  pa t t e rn  as the to lerance  data.  In fact  the  change  
over t ime was very similar in the two variables.  With regard 
to convu l s ions  (Fig. 4 A) the pa t t e rn  is no t  equal ly  clear 
since the to ta l  f r e q u e n c y  is decl ining three  weeks  af ter  the 
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FIG. 4. Number of convulsions per rat per day (panel A) and 
hexobarbital thresholds (panel B) in the abstinence after the 
chronic barbital treatment. In panel A the unfilled bars represent 
the total number of convulsions recorded, the filled bars represent 
the number of convulsions which occurred during light. A broken 
vertical line indicated no record for some hours due to technical 
troubles. The number of rats participating in the recording of 
convulsions were 7. No convulsions were seen in the records from 
3 control animals. In panel B the hexobarbital thresholds are given 
in percent of a preexperimental average. The vertical lines at the 
symbols indicate the standard error of the mean, the short 
horizontal lines indicate a standard error smaller than the symbol. 
Previously barbital treated animals (N = 8 -11 )  are indicated by 
the filled symbol, controls (N = 12-14)  by the unfilled symbol. A 
half circle on the abscissa indicate recording on two different 
days, if combined with the larger vertical line the difference 
between previously barbital treated animals and controls had a p 
value less than 0.01, if combined with the shorter vertical line the 

p value was larger than 0.01 but less than 0.05. 

end of  the ba rb i t a l  t r e a t m e n t .  A late m a x i m u m  can 
p r o b a b l y  be def ined  a round  Day 25 (see Resul ts) .  

The biphasic  pa t t e r n  can be used to divide the  absti-  
nence  per iod  in to  two  parts .  In the  first  phase  up to Day 20 
the  more  d rama t i c  changes  were seen. The changes  of  
act ivi ty  main ly  occur red  in the  l ight  par t  of  the  24 hr  l ight  
darkness  schedule  (Fig. 2B). The rats  were for a shor t  t ime  

very active and  no  24 hr  act ivi ty  rest  p a t t e r n  could  be 
f o u n d  (Fig. 3A). This  could mean  e i the r  t ha t  the mecha-  
n ism regula t ing the  t ime  pa t t e rn  of act ivi ty  and rest  ( the  
basal c lock)  did no t  work dur ing  abs t inence  or tha t  the  
clock is working  all r ight  bu t  some o the r  overr id ing con t ro l  
sys tem has t aken  ho ld  of  the  variable  used to record  the  
func t i on  of  the  clock. Such a d i s rup t ion  of  record ing  but  
with  a basal c lock p r o b a b l y  still r u n n i n g  has  been  seen af te r  
t r e a t m e n t  with  reserpine  in canar ies  [9 ] .  In the  p resen t  case 
there  is no  possibi l i ty  to  choose  be tween  these  a l ternat ives .  
The earlier s tar t  of  the  act ivi ty  found  dur ing the barbi ta l  
t r e a t m e n t  (Fig. 1) which  also can be recorded  if runn ing  
wheel  act ivi ty is used [14]  does not  specifically favour  
e i the r  of  the  hypo theses .  The only  def in i te  conc lus ion  
which  at this  m o m e n t  can be drawn f rom the  act ivi ty 
pa t t e rn  found  dur ing phase one is tha t  l ight -darkness  
schedules  c a n n o t  be relied u p o n  to regulate the t ime of 
act ivi ty dur ing  this  phase  of the  abs t inence  period.  

Earl ier  s tudies  have shown  tha t  there  is a re la t ionship  
be tween  convuls ions  and sensi t ivi ty to h e x o b a r b i t a l  dur ing 
the first four  days of abs t inence .  The to le rance  to hexo-  
barb i ta l  is r educed  by s p o n t a n e o u s  convuls ions  [ 1 5 ] ,  
p i locarpine  induced  convuls ions  [ 17] and electr ical ly in- 
duced convuls ions  [16 ] .  Since two d i f fe ren t  groups  of 
animals  were used in the  present  e x p e r i m e n t  no  detai led 
compar i son  be tween  the  f r equency  of  convuls ions  (Fig. 4A)  
and sensi t ivi ty to h e x o b a r b i t a l  (Fig. 4B) can be made.  It is 
never the less  obvious  t ha t  dur ing phase one there  was a 
parallel decrease in the  f r equency  of  convuls ions  and in the 
to le rance  to hexoba rb i t a l .  

There  is also dur ing  phase one a parallel decrease in 
f r equency  of  convuls ions  dur ing  the  l ight (Fig. 4A) and in 
act ivi ty dur ing  l ight  (Fig. 2B). It is possible tha t  convuls ions  
could occur  only  dur ing act ivi ty.  A decrease in act ivi ty 
would t hen  mean  a c o n c o m i t t a n t  decrease in convuls ions  if 
there  was no  change  in the  n u m b e r  of convuls ions  per  
act ivi ty t ime  uni t .  If such a c o n n e c t i o n  exists  the 6 min 
t ime per iod  pr ior  to all convuls ions  should  consis t  of 
act ivi ty.  This was however  no t  the  case: 60 per  cent  of  the 
98 convuls ions  which  occur red  be tween  day zero and Day 9 
were preceded  by at least one 6 min per iod of  act ivi ty.  
A r o u n d  Day 4 when  mos t  of the convuls ions  in the t ime 
per iod  be tween  Day zero and  Day 9 occur red  (Fig. 4A)  the 
animals  spent  slightly more  than  60 per  cent  of  the to ta l  
t ime as act ivi ty (Fig. 3A). Thus  the percen tage  of convul-  
sions p receded  by act ivi ty  is very close to the  value 
expec t ed  if convuls ions  occur red  w i t h o u t  any direct  rela- 
t ion  to e i the r  act ivi ty  or rest. The parallel  changes  in 
act ivi ty and  in f r equency  of convuls ions  seen be tween  day 
zero and  Day 9 of  the  abs t inence  per iod mus t  be regarded 
as no t  d i rect ly  related.  However ,  they  could  still be 
d i f fe ren t  express ions  of the  same basic change in the  
animal .  

Af te r  Day 9 the  large increase in act ivi ty  (Table  1) seen 
main ly  dur ing  the  l ight  (Fig. 2B) has passed. There  is now 
also a change  in the  d i s t r ibu t ion  of  the  convuls ions .  
Be tween  Days 10 and 21 the pe rcen tage  of convuls ions  
p receded  by at least  one  6 rain per iod  of  act ivi ty  was 
increased to 76 per  cent  ou t  of  68 convuls ions .  In the  t ime 
per iod  a f te r  Day 21 the  figure was 82 per  cent  ou t  of 17 
convuls ions .  Thus  at la ter  stages of  the abs t inence  per iod  
the convulsive episodes  t ended  to occur  at a t ime per iod 
when  the  an imal  was active,  which  also means  t ha t  they  
now occur  p r e d o m i n a n t l y  dur ing  darkness  (see Results) .  I t  
is on ly  dur ing  the  early par t  of  the  abs t inence  per iod  when  
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no 24 hr regulated pa t te rn  of  activity can be found  that  
such a pa t te rn  in the convuls ions also is absent .  

In phase two there  is a m a x i m u m  on Day 30 of  increase 
in activity (Table 1) and to lerance to hexobarb i ta l  (Fig. 
4B), fo l lowed by a gradual decrease in bo th  variables. The 
increase in spon taneous  activity has no dis t inct  24 hr 
pa t te rn  (Fig. 3C) and the light darkness  regulated activity 
rhy thm is retained.  It is highly probable  tha t  bo th  variables 
in d i f fe rent  ways measure an increased exci ta t ion  in the 
central  nervous system. The hexobarb i ta l  th reshold  is 
evidently at least as good a way to pick out  these changes as 
the activity measurements .  Such a long lasting exci ta t ion  

could of  course be of  impor tance  for the relapse rate when 
depressant  drugs have been abused. Whether  the loss of the 
24 hr light darkness regulation of  the pa t te rn  of activity 
and to some ex ten t  also convulsions during the first part  of  
phase one is due only to quant i ta t ive  di f ferences  in the 
intensi ty  of the abs t inence react ion or if qualitative 
differences  are involved is an open quest ion.  
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