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topes of Li are initially transported in the hydrated form. 
Based upon lattice constant measurements the ionic vol- 
ume of (Li-6) + is greater than (Li-7) + 8,22 However, it is 
the hydrated form (Li-7)+(H20) that has a greater ionic 
vo lume  t h a n  (Li-6)+(H20). Because of  its smaller  ionic 
volume,  the passage of  (Li-6)+(H2 O) by passive diffusion 
th rough  a m e m b r a n e  channe l  would  be more  rap id  t han  
the passage of  (Li-7)+(H20). A n  energy dependen t  mech-  
an i sm of  t r anspor t  wou ld  of  necessity make  an  explana-  
t ion  more  complex.  
Because of  the differential  t r ea tmen t  of  the two Li iso- 
topes by m e m b r a n e  systems in  vitro a n d  in  vivo, the 
possibi l i ty was raised that  ha rmfu l  sideeffects of  Li dur-  
ing p ro longed  clinical use in manic-depress ive  pat ients  
might  be reduced by admin is te r ing  only  Li~7, the less 
toxic of  the two stable isotopic forms. There  is ample  
jus t i f ica t ion  for clinical trials o f  this hypothesis  because 
o f  the da ta  ind ica t ing  bo th  the greater in  vivo toxicity and  
the more  rap id  pene t ra t ion  in  vitro of  Li-6 t han  Li-7. 
Whe the r  Li-7 a lone  would  have therapeut ic  efficacy equi- 
valent  to L i -N remains  to be established. 
The f inding  that  biological  systems can  discr iminate  be- 
tween isotopes of  a given e lement  is in itself provocat ive.  
Relat ive rates at which  isotopes cross biological  mem-  
branes  might  be used to provide  fur ther  i n fo rma t ion  
regard ing  the mechan i sms  of  ion  transfer.  They  could  
also provide  fur ther  i n f o r m a t i o n  per t inen t  to expla in ing 
the mechan i sms  of the differential  effects of these iso- 
topes on  n e u r o n a l  activity a n d  behavior .  F inal ly ,  these 
observa t ions  m a y  have clinical relevance for amel iora t ing  
toxicity in  clinical disorders  for which  Li t r ea tment  is 
indicated.  
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Long-term motor activity recording of dogs and the effect of sleep deprivation 

I. Toble r  and  H .  Sigg* 

Institute o f  Pharmacology, University o f  Ziirich, Gloriastrasse 32, C H  8006 Ziirich (Switzerland),  and *Central 
Biological Laboratory, University Hospital, CH-8006 Ziirich (Switzerland), 6 November 1985 

Summary. M o t o r  activity of  l abora to ry  dogs was recorded for several weeks with an  a m b u l a t o r y  m o n i t o r i n g  device. 
The  effect o f  24 h sleep depr iva t ion  (SD) on  m o t o r  activity du r ing  recovery was investigated.  A clear rest-activity 
r h y t h m  was established. The dogs exhibi ted a similar  m e a n  daily rest-activity pa t te rn :  1) rest occurred ma in ly  in  the 
dark ;  2) the amimals  were mos t  active after light onset ;  activity increased dur ing  the last two da rk  hours ;  3) a rest 
per iod was found  at n o o n  an d  reduced activity du r ing  a f t e rnoon  hours .  There  was a marked  difference in  total  activity 
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between individual dogs. Activity patterns varied as a function of the day of the week; this may have been a reflection 
of variations in the level of human activities in the laboratory. There was a significant reduction of motor activity 
during the 24-h period following SD. This was particularly evident in the first 6 h of the light period immediately 
following the deprivation. 
In addition, there was a significant increase in the number of episodes with activity ~< 5 counts during recovery. The 
study confirms the possibility of measuring motor activity to assess compensatory mechanisms during recovery after 
SD. Sleep regulation, therefore, does not necessarily need to be exclusively examined by the invasive technique of EEG 
registration. 
Key words. Rest-activity rhythm; motor activity; dog; sleep deprivation. 

Introduction 

Continuous long-term activity data from freely moving 
animals other than small laboratory species are scarce. A 
recently developed wristworn activity monitor has been 
repeatedly applied in man to assess the effect of drugs ~, to 
investigate activity patterns in elderly subjects (Loepfe et 
al., unpublished), and to assess sleep disturbances in psy- 
chiatric patients ~. Due to the lack of data on rest-activity 
rhythms in dogs it seemed pertinent to test the feasibility 
of obtaining continuous long-term activity recordings of 
laboratory dogs. Scott and Causey ~4 measured the activ- 
ity of feral dogs by radiotracking at 2-h intervals for 11 
days. Only the frequency of activity found during the day 
as related to season was reported. Dogs were found to be 
more active at night during all seasons. 
Several authors have recorded the EEG and behavior of 
dogs for 24-h periods ~'6' ~' 10-12,16,17,21, 22. With the exception 
of Takahashi 17 who contrary to his former findings ~ 
found only a slight difference in sleep length between the 
light and dark period, all authors reported a clear predo- 
minance of sleep during the dark phase of the LD cycle. 
Under a 12 h light - 12 h dark cycle circa 30 % sleep took 
place during the light perio@. Wanquier 2~, az recorded un- 
der LL conditions. 
Sleep deprivation (SD) has often been used in man and 
animals to investigate sleep homeostasis ~' ~9. The loss of 
sleep is followed by a relative small enhancement of sleep 
time and a prominent rebound in slow-wave activityL 
Takahashi ]~, ~7 investigated the effect of several periods of 
SD differing in duration on sleep stages in dogs. The 
results were comparable to those obtained in other 
mammals; 24 h SD were followed by enhanced 'deep 
sleep'. It has been shown for several species that motor 
activity was reduced after SD when recovery was allowed 
during the habitual active phase of the LD cycle ~9'~~ On 
the basis of these results it was suggested that the com- 
pensatory response after SD may serve as a tool to inves- 
tigate sleep in animals in which it is either not appropriate 
or not feasible to measure EEG. 

two compartments separated by wire mesh. Three dogs 
were kept in one compartment. The sleep deprivation 
experiments were carried out with 10 dogs in the kennel. 
The dogs were kept under a 12 h light- 12 h dark schedule. 
Light was provided by fluorescent tubes (220 Lux mea- 
sured 50 cm above the floor) from 06.30-18.30 h. The 
dogs were exercised in groups for two hours in a separate 
room (between 9 and 12 h) and fed daily between 16.00 
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Material and methods 

Mongrel dogs (n = 15) of 17-35 kg, aged 1-7 years, well 
adapted for at least 4 weeks to laboratory conditions 
were used. They were kept for 7 consecutive days in each 
of three enclosures which differed in size, structure, and 
degree of isolation from the laboratory environment: 1) 
'cage' (80/120/80 cm), 10 cages per room separated by 
solid walls; 2) 'run' (160/220/200 cm), three enclosures 
per room; neither cages nor run were separated from 
laboratory activities; and 3) 'kennel' (215/170/230 cm), a 
sound shielded, isolated room which was subdivided into 

I . . . . .  I . . . . .  I . . . . .  I . . . . .  I 

18.30 6 . 3 0  18.30 

T I M E  O F  DAY 

Figure t. Long-term record (43 days) of  motor  activity of  a dog. Activity 
is plotted at 11 levels with upper thresholds at 10, 30, 50, 70, 90, 110, 130, 
150, 170, 190 and 230 counts (vertical bars). Mean activity (arbitrary 
units) during each consecutive 7.5-rain recording episode is shown at the 
bottom, The 12-h dark period is indicated by the heavy bar at the top, the 
cage type on the right. 
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and 17.00 h. Working hours of the laboratory personnel 
were from 07.30 to 17.00 h. 
Motor activity was measured continuously throughout 
the experimental period by an unobtrusive solid state 
monitor 2'4 worn on the collar. The monitor integrated 
and stored motor activity values for 7.5-rain episodes. 
Once a week the monitor was removed and the data were 
transferred into a PDP-11/34 computer for further analy- 
sis. A three way analysis of variance (ANOVA) was car- 
ried out to determine the influence of cage type, day of 
the week and dog. The effects of the three different enclo- 
sures on motor activity were reported elsewhere% In a 
pilot study the behavior of several isolated dogs wearing 
the activity monitor was observed continuously for 24 h 
by time-lapse video recordings. 
Sleep deprivation was carried out on Tuesdays or Wed- 
nesdays by keeping the kennel door open all day and by 
frequent visits to the kennel by laboratory personnel. 
During the normal 12-h dark period lights were left on 
and the dogs were disturbed as frequently as was neces- 
sary to keep them awake. During recovery the dogs re- 
mained under the same conditions as during control peri- 
ods. Activity measures were obtained for one control day 
immediately preceeding the SD period, during SD and 
for one recovery day. 

i i i  

ANGELO: 43 .DAYS 

I �9 . . . .  I I . . . . .  I " ' ' '= ' 7 

PENI : 53 DAYS 

UIMMY : 49 DAYS 

COLLIE : 53 DAYS 

74 

61 

59 

46 

Results 

The dogs exhibited a clear rest-activity rhythm in all 
enclosures, with activity predominating during the 12-h 
light period (figs 1-3, table 1). The amount of rest was 
quantified by the number of activity episodes ~ 5 counts. 
During the 12-h light period several 'rest' episodes oc- 
curred (26.05 % of total); however, a larger amount was 
present during the 12-h dark period (73.95 %; table 2). A 
large interindividual variability was found in the amount 
of motor activity (fig. 2). The main activity bout began 
approximately 2 h before the lights were switched on, and 
continued for the first morning hours. A reduced activity 
period at noon was followed by moderate activity during 

Table 1. Mean motor activity values expressed as a percentage of total 
daily activity (n = 13; SEM in parenthesis) of  three weeks in three differ- 
ent enclosures and of one week in the kennel where the SD experiments 
took place. D: mean motor activity based on mean hourly values for 12 h 
dark (18.30-06.30). L: mean values for 12 h light (06,30-18.30); missing 
data due to monitor change was replaced by mean values of other days. A: 
percentage of activity in the afternoon (13.30-18.30) of light time activity 

L D A 

Three enclosures 76.11 (1,62) 23,89 (0.65) 37.58 (0.60) 
Kennel 75.40 (3.72) 24.60 (1.20) 41.22 (1.06) 
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Figure 2. Mean activity of 4 dogs for the entire recording period (43-53 
days; arbitrary units). The mean daily activity value is indicated on the 
right. 

the afternoon (figs 1 3). The activity ratio afternoon/ 
total activity during the t2-h light period shows the pre- 
dominance of activity during the morning hours (table 1). 
The activity pattern varied as a function of the day of the 
week (fig. 3). A two-way ANOVA with repeated meas- 
ures revealed a significant influence of dog (p < 0.001) 
and weekday (p < 0.001). The effectiveness of the SD 
procedure was confirmed by the small percentage of rest 
episodes with ~< 5 counts ( L -  1.46% + 0.39 SEM, 
D = 2.60 % + 0.38). Interestingly, one animal with rela- 
tively high values of rest episodes during deprivation 
(L = 6, D = 8 compared to the mean values for the 10 
dogs L = 2.8 + 0.74 SEM, D = 5.0 :t: 0.72) exhibited no 
enhancement of rest during recovery. The effect of 24 h 
SD was a significant reduction of total activity in the first 
6 h of the light period and a tendency to reduced activity 
during the entire 24 h of the recovery period (table 2, 

Table 2. Mean activity values per hour and number of rest episodes (activity ~< 5 counts; n = 10; SEM in parenthesis) for the control day and for the 
recovery day following 24 h sleep deprivation. Activity is computed as the percentage of total daily activity. Asterisks indicate significant difference from 
control (*p < 0.02; ~ < 0.1; Witcoxon matched-pairs signed-ranks test, two-sided) 

Light Dark Total 
First Second 12 h First Second 12 h 24 h 
6 h  6 h  6h  6h  

Mean activity per hour 
Control 84.32 (12.42) 
Recovery 50.22* (8.37) 

Number of rest episodes per hour 
Control 0.92 (0.20) 
Recovery 1.83 ~ (0.35) 

69.58 (10.76) 76.13 (10.75) 20.57 (3.00) 23.85 (4.42) 22.22 (3.09) 49.18 (6.23) 
58.58 (7.90) 54.41 (6.31) 16,42 (2.64) 22.23 (2.72) 19.33 (2.27) 36.89 ~ (3.84) 

1.98 (0.30) t.45 (0.23) 4.30 (0.17) 4.20 (0.39) 4.I2 (0.20) 2.78 (0_16) 
2.48 (0.31) 2.13" (0.27) 4.90 (0.37) 4.23 (0.26) 4.68 ~ (0.31) 3.41" (0.23) 
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ever, since only little activity habitually took place during 
this period, small differences could give rise to high per- 
centages (fig. 4, left). In addition, a significant enhance- 

51 ment of rest, as indicated by the number of episodes with 
little activity ( ~< 5 counts) was present in the 12-h light 
period as well as in the 24-h recovery period following the 
deprivation. Only a tendency to enhanced rest values was 
present in the 12-h dark period (table 2). The hourly 
values for rest episodes exceeded control values during 
most of the 24-h recovery period with the exception of the 

62 feeding hours (fig. 4, right). 

62 

51 
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Figure 3. Activity for different days of the week. Mean values of 7 weeks 
obtained from one dog (arbitrary units). 

fig. 4, left). The activity values per hour showed a reduc- 
tion during the first morning hours when the animals 
were habitually very active, and an enhancement during 
feeding time (fig. 4, left). Activity values during most of 
the dark period after SD were higher than control. How- 

Discussion 

A clear rest-activity pattern was exhibited by all dogs. 
While the general pattern was similar, large individual 
differences were present for the amount of activity. Al- 
though motor activity was significantly influenced by the 
different cage types 15, reflecting to some degree the influ- 
ence of laboratory activities, a similar rest-activity pat- 
tern was found under isolated conditions (fig. 1, kennel). 
The dogs began to be active at 05.30, 1 h before the lights 
went on and 2 h before activity in the laboratory started. 
Therefore the activity pattern of the dogs did not merely 
reflect laboratory activity. 
There are no reports of continuous long-term recordings 
of dogs under time-free or controlled conditions. In con- 
trast to our results, where activity predominated during 
the day, intermittent activity measures in feral dogs re- 
vealed a predominance of activity at night ~4. Laboratory 
dogs may have largely adapted their rest-activity rhythm 
to human activities. This social dependence may account 
for some of the differences in the daily distribution of 
sleep and waking reported from different laboratories 
(see Introduction). Further recordings are being obtained 
from dogs living in private homes to examine the social 
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Figure 4. Mean hourly values of total activity and of rest episodes (num- 
ber of activity episodes with activity ~< 5 counts) during the recovery 
period after 24 h SD (n = 10). Total activity is expressed as a percentage 
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of the control (control = 100%), rest episodes as difference from control 
values. Black bars indicate the dark phase of the LD-cycle. 
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influence on activity and the degree of  adap ta t ion  to 
human  activities. 
The results f rom this s tudy show that  the compensatory  
response to sleep loss can be recorded without  measuring 
the EEG. Night- t ime immobil i ty  has been used as an 
index of  sleep quali ty in drug studies 2. The same method  
was applied in the present s tudy to measure the dura t ion 
of  sleep or  rest. In dogs R E M S  is often accompanied  by 
bouts of  mo to r  activity e.g. running activity and bark-  
ing 7. In  the same study, frequent body  movements  were 
also repor ted  during episodes of  drowsiness. Our  pi lot  
study involving t ime-lapse video recordings confirmed 
this observation.  Therefore,  we arbi t rar i ly  allowed up to 
5 counts for a rest episode in order  not  to include such 
'agi ta ted '  sleep episodes. This measure proved not  only 
appropr ia te  for quantifying the effectiveness of  SD but  
also to describe the effect of  SD during recovery. Recov- 
ery f rom SD was less evident from the reduction of  mo to r  
activity than from the enhanced number  of  rest episodes. 
I t  has been previously demonst ra ted  in the rat  that  the 
increase of  slow-wave activity is not  a consequence of  
locomot ion  but  must  be a t t r ibuted to sleep loss 3,9. Partic- 
ular  a t tent ion was given in this study to avoiding unnec- 
essary activation of  the dogs during the deprivat ion.  It is 
therefore not  p robable  that  the compensat ion after SD 
was only a consequence of  enhanced motor  activity. 
The use o f  mo to r  activity as a measure for compensatory  
processes after SD has formerly Men applied in animal 
species where E E G  measures are difficult or impossible 
to obtain.  Thus rest depr ivat ion in fish brought  about  by 
exposure to light pro longed rest during recovery 2~ In 
cockroaches,  rest depr ivat ion by mechanical  s t imulat ion 
was also followed by a short  per iod of  enhanced rest 18. 
The present results are consistent with the proposi t ion  
that  the reduct ion of  motor  activity after sleep loss re- 
flects a homeosta t ic  process of  sleep regulation. 
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Luminous phenomena and earthquakes in southern Washington 
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Summary. Luminous  phenomena,  most ly nocturnal  lights, are associated with very small ear thquakes  in southern 
Wash ing ton  state. The phenomena  seem to be electrical in nature,  related to ear thquake  lights, and  tend to occur when 
the locus of  ear thquake  activity moves across an active fault  in an area of  compressional  stress. 
Key words. Luminous  phenomena;  ear thquake lights; nocturnal  lights; ear thquakes;  Yak ima  Indian  Reservation;  
Toppenish  Ridge; Washington;  seismicity; tectonic stress; geomagnetism; exoelectron; piezoelectric. 

Introduction 

Variable luminous events that  occur during or just  before 
some ear thquakes  have been repor ted  for centuries ~~ 
Spherical,  discrete sources of  light of  various colors and 
odd kinetics have also been paired with seismic activ- 
ity tI'15'42, Statistical analyses suggest that  large numbers 
of  similar luminosities may  be repor ted  weeks to months  
before an increase in the number  o f  low intensity ( ~< V) 
earthquakes27, 30. Several mult ivariate  studies have shown 

conversely that  temporal  pat terns  of  ear thquakes  within 
a region can accurately forecast reports  of  these odd 
phenomena 28,3t,32. Recently, miniature  luminosities have 
been generated in l abora tory  experiments immediately 
before rock fractures. Rocks  under  uniaxial  pressure pro-  
duce light of  1 1 5 gs dura t ion  from exoelectron emission, 
independent  of  rock type and with a spectrum that  o f  the 
ambient  a tmosphere  6,~~ All of  these results are consistent 


