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HEAD, E. AND N. W. MILGRAM. Changes in spontaneous behavior in the dog following oral administration of L- 
deprenyl. PHARMACOL BIOCHEM BEHAV 43(3) 749-757, 1992.--An open-field activity test was developed for study- 
ing the effect of a single oral dose (range of 0.1-5 mg/kg) of L-deprenyl on spontaneous behavior in the dog. A computer 
program was used to quantify observations of locomotor activity, directed sniffing, urination, grooming, inactivity, jumping, 
rearing, and vocalization during a 10-min baseline and posttreatment session. Three dose-dependent behavioral changes were 
observed: an overall decrease in directed sniffing, an increase in total locomotor activity in females, and a decrease in 
frequency of urination in males. These effects were only seen at the dose levels of 2 mg/kg or higher. Computer-assisted 
tracings of behavioral patterns showed increased stereotypical behavior and decreased exploratory behavior at the high-dose 
levels. These behavioral effects are most likely due to either increased levels of phenylethylamine resulting from inhibition of 
monoamine oxidase B and/or the production of amphetamines as a result of the metabolism of L-deprenyl. 

L-Deprenyl Dog Spontaneous activity Phenylethylamine Amphetamine 

L-DEPRENYL is an irreversible inhibitor of monoamine oxi- 
dase B (MAO-B) (26), which is widely used as an adjunct to 
L-dopa in the symptomatic treatment of Parkinson's disease 
(5,6,16,22,28,50). Recent evidence suggests that it also has 
prophylactic benefits (52). Patients receiving L-deprenyl re- 
port feelings of arousal, mood elevation, insomnia, and eu- 
phoria (16,40). Alzheimer's patients treated at similar dose 
levels show a decrease in depression, anxiety, tension, and 
retardation and an increase in activity and social interaction 
(51). High doses are useful in treating depression and lead to 
an improvement in overall anxiety and depression scores 
(11,30-32). Depressed patients also report insomnia, increased 
energy, reduced appetite, and increased aggressive feelings 
(11,29,30,41). Normal subjects given L-deprenyl show changes 
in sleep patterns but little effect on mood (53). 

There have been surprisingly few behavioral studies with 
animals administered L-deprenyl. Studies with rats have re- 
ported increased behavioral activity (9,26,27). However, the 
effect was only at high doses (10 mg/kg or higher). L-Deprenyl 
is a specific MAO-B inhibitor in rats only at low doses; at 
high doses, there is also inhibition of the A form (38). In 
studies using doses that are selective for MAO-B, L-deprenyl 
did not produce changes in activity in mice and rats except 
when used in combination with phenylethylamine (PE) (9, 
35,54). Another effect of low doses is an increase in sexual 
behavior in young and aged male rats (24,25). 

The present study was aimed at characterizing some of the 

behavioral effects of L-deprenyl in the dog. Dogs were studied 
as part of an ongoing project aimed at evaluating possible 
veterinary applications for deprenyl in pet dogs. In addition, 
because L-deprenyl is primarily used clinically in Parkinson's 
patients it is important to study its action in animal models 
other than the rodent. For example, compared to the rat neu- 
romelanin granules in the dog substantia nigra are five or 
more times larger (13). Because our primary aim was to evalu- 
ate the effect on spontaneous behaviors, and because there 
is evidence of species-specific effects [e.g., in the monkey, 
L-deprenyl causes a dose-dependent decrease in vocalization 
(34)], we developed a modified open-field procedure (17). 
Dogs were placed in a test room for 10-min periods and a 
computer program was used to continuously monitor total 
movement, urination, sniffing, grooming, inactivity, rearing, 
jumping, and vocalizing. 

METHOD 

Subjects 

The study was performed on 22 beagles (12 female, 10 
male) obtained from Marshall Farms (North Rose, NY) and 
5 mixed-breed dogs (2 male, 3 female) obtained from Laka 
Biological Supply (BasiUe-le-grand, Quebec). All but two ani- 
mals had been in the colony for at least 6 months; those two 
had arrived 1 month prior to the experiment. Beagles ranged 
in age from 1.5-10 years, while the ages of the mixed-breed 

To whom requests for reprints should be addressed. 

749 



750 H E A D  A N D  M I L G R A M  

A 

S N  
' h i  
, ,  r 

j J - -  

I J J ~N 

J 

\ 
\ 

B 

FIG. I. Computer-assisted reproduction of pattern of spontaneous behavior observed in two dogs during baseline test. (A) is from a mixed-breed 
dog, while (B) is from an old male beagle. Symbols illustrate location of observed behavior. The line drawing shows all locomotor movements 
made during the session. The figure illustrates the kinds of individual differences typically observed. (P), urination; (SN), sniffing; (SL), sleep; 
(G), groom. 

dogs were es t imated on  the basis of  den t i t ion  by  the  s ta f f  
ve te r inar ian  to range  f rom 6-10  years.  

An imals  were individual ly  housed  in 1.07 x 1.22-m pens 
and  were ma in t a ined  on  a 12 L :  12 D cycle. The  humid i ty  
was kept  at 4 0 - 6 0 %  and  the  t empera tu re  at  22 -24°C.  Pens  
were washed daily be tween 8:00 and  10:00 a .m. ,  dur ing  which 
t ime an imals  were exercised for  15 min.  Wa te r  was avai lable  
con t inuous ly  f r o m  an  au toma t i c  water ing  device. An imals  
were given approx imate ly  300 g P u r i n a  Dog Chow for  1 h 
daily f rom 2:30-3:30  p .m.  

Test Procedures 

Animals  were placed in a s t anda rd  test ing room,  3.66 x 
3.66 m con ta in ing  a sink,  cupboa rd ,  and  an  examining  table.  
The  f loor  was m a r k e d  in to  61 x 61-cm squares  wi th  black 
electrical tape to assist in localizing the  spat ial  posi t ion o f  the  
animal .  Pr io r  to each test  session, the  f loor  was tho rough ly  
cleaned with a detergent  solut ion to prevent  a behaviora l  re- 

T A B L E  1 

TEST-RETEST CORRELATIONS FOR 
ACTIVITY MEASURES 

Behavioral Measure Correlation 

Grooming (time) 0.8724* 
Total distance (ft) 0.8699* 
Urination (frequency) 0.7481" 
Sleep (total time) 0.7943* 
Sniffing (frequency) 0.5598 
Jumping (frequency) 0.9454* 
Vocalization (frequency) 0.7785" 
Rearing (frequency) 0.7064t 

N =  15. 
*p < 0.001 (one tailed). 
tP < 0.01 (one tailed). 



L - D E P R E N Y L  A N D  B E H A V I O R  IN D O G S  751 

T A B L E  2 

CORRELATION MATRIX OF DIFFERENT MEASURES USED IN ACTIVITY TEST 

Correlations 

Behavioral Measure Urine Sniffing Groom Inactive Rearing Vocal Jump 

Distance 0.0563 0.2942 - 0.2411 - 0.6357* 0.1565 0.1998 0.4102 
Urination frequency 0.0057 - 0.1601 - 0.1987 - 0.1408 - 0.2071 - 0.1475 
Sniffing frequency - 0.0968 - 0.3586 0.1819 - 0.0183 - 0.1175 
Time spent grooming 0.0169 - 0.0784 0.1260 - 0.0602 
Time spent inactive - 0.2509 - 0.1829 - 0.1114 
Rearing frequency 0.2254 0.1856 
Vocalization frequency 0.1083 
Jumping frequency 

N =  30. 
*p < 0.001 (one tailed). 

sponse to the  odo r  of  o the r  dogs.  Observa t ions  were recorded 
f rom an  ad jo in ing  r o o m  t h r o u g h  a glass window.  All test ing 
was done  by the  same technic ian .  Da t a  acquis i t ion  was con-  
t rol led by sof tware  wri t ten  in the  ASYST p r o g r a m m i n g  lan- 
guage (Asyst  Sof tware  Technologies) .  P r io r  to  the  start  o f  
each session, an  out l ine  of  the  test  r o o m  was d rawn  on  the  
screen and  the cursor  was pos i t ioned  to the  start  point .  All  
movemen t s  o f  the  dog could then  be fol lowed using a mouse.  
Feedback  was p rov ided  by the  mon i to r ,  which  displayed the  
pa t te rn  t raced with the  mouse .  A t  2-s intervals ,  the  cur ren t  
x,y coord ina te  pos i t ion  of  the  an imal  in the  r o o m  was s tored 
in a da ta  file. O the r  behav iors  were recorded by pressing seven 
func t ion  keys tha t  were p r o g r a m m e d  for:  1) explora tory  sniff-  
i n g - s n i f f i n g  directed at  a specific objec t  or loca t ion  and  
in tended  to provide  a measure  o f  general  explora t ion;  2) inac- 
tivity, which  included sit t ing, rest ing,  and  sleeping; 3) vocal- 
izat ion,  def ined in te rms of  discrete episodes r a the r  t h a n  single 
barks ;  4) j ump ing ;  5) rear ing;  6) u r ina t ion ;  7) g rooming .  For  
the  measures  of  inact ivi ty and  g rooming ,  b o t h  the  f requency 
o f  occurrence and  tota l  t ime were recorded.  

One  group  of  15 an imals  was given a cont ro l  session 3-4  
weeks before  the  s tar t  of  the  exper iment  tha t  was used to 
assess tes t - re tes t  reliabili ty.  For  the  exper iment ,  each an imal  
was tested twice: first,  2 h fol lowing admin i s t r a t i on  o f  an  
empty  capsule and  1 week later  a second test  2 h fol lowing 
admin i s t r a t ion  o f  deprenyl .  

To ob ta in  equal  num ber s  o f  an imals  per  dose,  eight ani- 
mals  were r andomly  selected for  retest ing at  e i ther  of  two 
doses: 3 or  5 m g / k g .  In each case, there  was a m i n i m u m  
3-week washou t  per iod  between tests (49,54). In the  da ta  anal-  
ysis, these an imals  were t rea ted  as i ndependen t  cases. 

The crystal l ine fo rm of  the  drug  was placed in gelat in cap- 
sules (Parke-Davis  #2) and  admin is te red  orally af ter  animals  
had  been fasted for  18-20 h. Dose levels o f  L-deprenyl were: 
0.1, 0.25, 0.75, 1.25, 2.0, 3.0, and  5.0 m g / k g .  Five animals  
were t rea ted  at  each dose, and  select ion o f  an imals  was done  
in a m a n n e r  tha t  coun te rba l anced  for  sex, age, and  breed  such 
tha t  each group  inc luded one o f  each: young  male ,  old male,  
young female,  old female,  and  one  mixed-breed  animal .  

Stat ist ical  analysis was carr ied out  wi th  the use o f  analysis 
of  var iance  ( A N O V A )  procedures  employing  the  S P S S P C  sta- 
tistical package.  Ma in  effects of  dose levels and  in te rac t ion  
effects of  sex and  age were of  interest .  Cochrane ' s  univar ia te  
homogene i ty  of  var iance  test  was also appl ied to ensure  the  
assumpt ions  for  A N O V A  were met .  The  assigned scores in 

test ing drug effects were difference scores calculated by the 
sub t rac t ion  of  baseline scores f rom t rea tmen t  scores. The  level 
o f  significance was set at  0.05. 

RESULTS 

Baseline Activity 

Test-Retest Reliability. To ob ta in  a qual i ta t ive assessment  
of  behavior ,  the movemen t  pa t te rn  recons t ruc t ions  were made  
by a plot ter  and  t aken  f rom the raw da ta  files collected dur ing  
the test session. There  were surprisingly large differences in 
the activity pa t te rns  shown by different  subjects  (Fig. 1). Not  
only were there  differences in locomotor  movemen t  bu t  also 
in the f requency o f  occurrence of  o ther  recorded activities. 
Thus ,  only some dogs showed f requent  vocal iza t ion and  only 
some f requent  ur ina t ion .  To de termine  the extent  to  which 
such differences reflected individual  differences in behav ior  
pat terns ,  corre la t ion  coefficients were de termined  for  each of  
the  measures  between the  two baseline sessions for  15 animals .  
The  results shown in Table  1 i l lustrate tha t  there were high 
posit ive correla t ions  for  every measure ,  and  all bu t  one were 
signif icant  at  the 0.01 level. 

Interitem Correlations. To de termine  the in ter re la t ionship  
between the i tems, correlat ions were de te rmined  between each 

T A B L E  3 

BASELINE ACTIVITY SCORES AS A 
FUNCTION OF SEX (MEANS AND SD) 

Measure Males (n = 13) Females (n = 17) 

Grooming (seconds) 4.57 + 7.54 13.69 + 38.56 
Total distance (ft) 1,133.1 ± 669.7 1,141.6 + 419.0 
Urination (cases) 2.54 ± 2.73 0.71 + 0.85* 
Inactivity(seconds) 69.1 + 105.6 20.2 + 46.3t 
Sniffing (cases) 10.0 ± 5.12 13.53 ± 6.66~t 
Jumping (cases) 1.38 + 4.11 2.41 + 4.8 
Vocalization (cases) 3.77 ± 5.28 4.71 + 5.43 
Rearing (cases) 2.15 ± 3.99 4.64 ± 4.98 

*t = 2.67,/7 = 0.012. 
t t  = 1.71,p = 0.098. 
:~t = 1.87,p = 0.07. 
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T A B L E  4 

BASELINE ACTIVITY SCORES AS A FUNCTION OF AGE (MEANS AND SD) 

Young Beagles Mature Beagles Pound Dogs 
Measure (n = 10) (n = 14) (n = 5) 

Grooming (seconds) 22.73 + 49.1 3.85 + 1.28 1.80 + 2.8 
Total distance (ft) 1,188 ± 537 1,291 _+ 353.6 536 ± 179.1 
Urination (frequency) 1.30 ± 1.95 1.71 _+ 1.54 0.6 + 0.89 
Inactivity (seconds) 365.5 + 50.8 0.161 ± .060 116.5 + 107.8 
Sniffing (frequency) 13.40 ± 5.97 12.71 :t: 6.64 6.60 + 3.43 
Jumping (frequency) 4.20 ± 6.43 0.86 ± 2.93 1.00 ± 2.24 
Vocalization (frequency) 6.90 + 5.09 2.86 ± 5.08 4.00 + 5.66 
Rearing (frequency) 6.10 ± 5.38 2.86 _+ 4.38 1.20 + 1.79 

pair  of  measures .  The  corre la t ions  were based  u p o n  da ta  f rom 
30 animals  and  are summar ized  in Table  2. The  only signifi- 
cant  cor re la t ion  was a negat ive  re la t ionship  be tween inact ivi ty 
and  tota l  locomot ion .  

Sex Differences. Table  3 provides  a s u m m a r y  of  the  base- 
line da ta  b r o k e n  down  by sex. The  only  dif ference tha t  
achieved statistical s ignif icance was in f requency o f  u r ina t ion ,  
t(28) = 2.70, p < 0.012: Male  dogs were more  likely to uri-  
na te  in the test  r o o m  t h a n  were females.  

Age Differences. To test  for  age effects,  young  beagles 
(1 .5-2.2  years) were compared  to old  beagles (6-10 years).  
The  mixed-breed  dog da ta  was excluded to remove any  vari-  
abili ty due to breed.  In add i t ion ,  one  beagle was r emoved  
f rom the da ta  analysis  because  its age was u n k n o w n .  The  only 

signif icant  result ,  surprisingly, was tha t  young  beagles spent  a 
s ignif icant ly greater  a m o u n t  of  t ime inactive,  t(23) = 2.47, 
p < 0.021. These da ta  are summar ized  in Table  4. Table  4 
also shows tha t  mixed-breed dogs tended to show less to ta l  
m o v e m e n t  (distance) t han  beagles. It was not  clear,  however ,  
whe ther  this was an  age or  breed effect. 

Effect of L-Deprenyl 

Three  measu re s - - l ocomot ion ,  sniff ing,  and  u r i n a t i o n -  
were sensitive to  L-deprenyl. For  locomot ion ,  a two-way 
A N O V A  revealed a significant  dose x sex in terac t ion ,  
F(6) = 2.63, p < 0.046. The  origins o f  this  can be seen in 
Fig. 2; females showed increased locomot ion  at doses of  3 
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FIG. 2. Difference score calculated by subtracting posttreatment distance score from baseline distance score 
(change in locomotor activity) on the y-axis is plotted as a function of dose of L-deprenyl. Results for females 
and males are plotted separately and illustrate a dose-dependent increase in activity in females but not males. 
Error bars represent standard errors. 
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FIG. 3. Baseline (A) and postdrug (B) activity patterns for a female beagle given a high dose of L-deprenyl (5 mg/kg). Symbols are as in Fig. 1. 
Restriction of movement to one part of the room during the postdrug test is a result of continuous circling behavior. Note also that on the 
postdrug test there was a decrease in nonlocomotor activities. 

and 5 mg/kg while there was no consistent change in males. 
Examination of activity patterns indicated that the increased 
locomotion was typically accompanied by a decrease in behav- 
ioral variability. The two most dramatic cases were two fe- 
males that had shown repetitive circling, one of which is 
shown in Fig. 3. Similar but less dramatic changes in activity 
patterns at high doses were also noted for males (Fig. 4). 

The second effect of L-deprenyl was a decrease in the fre- 
quency of urination in males after 3 and 5 mg/kg (Fig. 5). A 
two-way ANOVA yielded a significant decrease in urination, 
F(6) = 2.67, p < 0.044. However, in this test the assumption 
of homogeneity of variance could not be met. The distribution 
was negatively skewed because of the low frequency of urina- 
tion in female dogs. 

The third behavior that changed following treatment with 
L-deprenyl was sniffing frequency, which showed a significant 
decrease at high dose levels, F(6) = 3.01, p > 0.028, in both 
sexes (Fig. 6). 

DISCUSSION 

The results show that there is a dose-dependent effect of 
deprenyl on behavior. At 2 mg/kg or higher, L-deprenyl pro- 
duced changes in locomotion, urination, and sniffing. An in- 
crease in locomotion was seen only in females, a decrease in 
urination was seen only in males, and, finally, a decrease in 
sniffing was seen in both sexes. Although there was an in- 
crease in locomotion at high doses, this did not appear to 
reflect increased exploratory behavior. To the contrary, there 
was a significant dose-dependent decrease in directed sniffing 
that suggested exploratory behavior was decreased following 
treatment with L-deprenyl. This distinction between activity 
and exploration was also indicated in reconstructions of the 
movement patterns, which showed repetitive circling, most 
notably from females. This response is characteristic of a be- 
havioral stereotypy that can be defined as abnormal, repeti- 
tive, purposeless motor behavior (55). 

Observations of males also suggested that higher doses 
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FIG. 4. Reconstruction of movement pattern shown by male beagle prior to (A) and following (B) a 5-mg/kg dose of L-deprenyl. Symbols are 
as in Fig. 1. Note that following drug movement was restricted to a smaller area of the room. Note also the decrease in frequency of urination 
and sniffing. 

caused a decrease in exploration and other goal-directed activ- 
ities. At higher dose levels, movement was restricted to a 
smaller portion of the test room, directed sniffing frequency 
was decreased, and urination frequency was decreased. The 
decrease in urination was particularly interesting in light of 
the role of urination in this species in sexual attraction and 
territorial demarcation (15). 

It is important to emphasize that the test procedure de- 
tected behavioral changes because a methodology was devel- 
oped to sample from a range of normal behaviors rather than 
activity per se. In most of the work on the effects of L- 
deprenyl on activity in the rat, activity was measured automat- 
ically using a procedure that would not distinguish locomotion 
from rearing, sniffing, or jumping. Thus, the present results 
may not be incompatible with data obtained from other spe- 
cies when an automated testing procedure was used. 

The pharmacological basis for the changes in spontaneous 
behavior following L-deprenyl may be explained in three pos- 
sible ways. First, the behavioral changes may reflect increased 
striatal levels of PE resulting from inhibition of MAO-B 

(8,9,44-46,57). It has also been suggested that PE may act as 
a dopaminergic agonist (1,7,8,12,21,36,37,39). This sugges- 
tion is consistent with evidence that both dopamine and PE 
produce an increase in arousal and activity (9,10,14,33,35). 
PE causes an early increase in activity and a later stereotypical 
behavior in the rat (9,33,35) and the mouse (14,20). L- 
Deprenyl, in conjunction with PE, results in a decreased 
threshold for PE-induced stereotypy and a prolongation of 
this activity (9,35,54). 

The second possibility is that high doses of L-deprenyl may 
lead to an increase in brain dopamine levels 08,23,44). If so, 
this would probably reflect an effect of high doses of L- 
deprenyl on MAO-A activity. At doses of 1 mg/kg or lower, 
L-deprenyl causes inhibition of only MAO-B and does not 
affect brain dopamine levels (N.W. Milgram et al., unpub- 
lished data). The effects of high doses of L-deprenyl in the 
dog are unknown; however, as previously mentioned in the 
rat, high doses inhibit MAO-A activity (38). 

Finally, the behavioral changes may be a response to the 
metabolites of L-deprenyl, methamphetamine, and amphet- 
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amine (43,44,58). The behavioral  response to amphetamine 
has been studied in rats (42,48), mice 02,19) ,  and dogs 
(3,4,55,56) and,  characteristically, responses to amphetamine  
include increases in activity that  accelerate into stereotypical 
behavior.  In dogs, these meaningless, repetitive movements  
are seen as circling, head-bobbing,  head-wagging, and freez- 
ing (55). Because the amphetamine  metaboli te  o f  L-deprenyl is 
the L isomer,  the importance has tended to be deemphasized. 

However ,  the D and L isomers have been directly compared in 
the dog and it was found that the D isomer was only about  1.5 
times more effective than the L form in inducing stereotypical 
behavior (55) and in serving as a reward for intravenous self- 
administrat ion (47). In addition, the L form of  amphetamine 
has proven effective in calming aggressive and hyperkinetic 
dogs (2). At  present, there are no grounds for ruling out any 
of  these three possibilities. 
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