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n ABSTRACT
Six hundred forty-one dogs with clinical

signs consistent with canine cognitive dysfunc-
tion syndrome (CDS) were treated orally with
selegiline hydrochloride at 0.5 to 1.0 mg/kg
once daily for 60 days. Response to selegiline
treatment on days 30 and 60 were similar. On
day 60, 77.2% of dogs showed an overall im-
provement; response to treatment by clinical
sign ranged from 67.8% (activity or sleep/wake
cycle) to 77.8% (disorientation and interaction
with family members). All dogs enrolled in the
study were monitored for possible adverse
events; diarrhea (4.2%), anorexia (3.6%), and
vomiting/salivation (3.4%) were noted most
frequently. Results of this study indicate the
majority of the dogs with CDS responded to
treatment with Anipryl by day 30. 

n INTRODUCTION
Canine cognitive dysfunction syndrome

(CDS) is a recently recognized age-related dis-
order thought to result from a combination of
physical and chemical changes within the
brain.1–6 The underlying pathophysiology is
poorly understood, and research is ongoing. β-

amyloid has been shown to be neurotoxic and
may be one of the causative factors of CDS.7 β-
amyloid deposition in the form of diffuse
plaques has been identified within the cerebral
cortex and hippocampus of senior dogs and is
strongly associated with deficits in discrimina-
tion, and reversal and spatial learning.2,8–10

Other age-related physical changes in the ca-
nine brain include ventricular dilation, alter-
ations in cerebral vasculature that reduce blood
flow, decreased number of cells in the cere-
brum and cerebellum, fibrosis of the meninges,
and degeneration of cerebral and cerebellar
white matter with ceroid lipofuscinosis and
generalized gliosis.4,5,11–14 How these factors
contribute to the clinical signs of CDS is cur-
rently being evaluated.

The chemical changes that occur in the
brains of dogs with CDS are less well defined.
Several neurotransmitter abnormalities, includ-
ing an imbalance or depletion of cate-
cholamines, acetylcholine, and serotonin, have
been described in humans and other species
with neurodegenerative disorders.15–21 Mono-
amine oxidase (MAO) subtypes A and B both
play a major role in the catabolism of the cate-
cholamines dopamine and norepinephrine and,
to a lesser extent, epinephrine and serotonin.22
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The predominant subtype associated with
dopamine metabolism varies by species but has
not been definitively established in dogs.23

Dopamine metabolism is believed to accelerate
in senior dogs because these animals have an in-
creased accumulation of neuromelanin (a by-
product of dopamine metabolism) in their
brains and because inhibition of MAO-B ap-
pears to enhance dopaminergic function.24–26

At recommended dosages, selegiline has been
shown to be a selective and irreversible MAO
inhibitor in dogs, with a greater affinity for the
subtype B enzyme active sites compared with
type A sites.23,24 The mechanism of action for se-
legiline may be through direct or indirect action
on catecholamine levels.23,27 Selegiline is thought
to indirectly enhance the effects of dopamine
though inhibition of the catabolism of
phenylethylamine (PE) by MAO-B. PE is a po-
tential neuromodulator of catecholamine trans-
mission. At normal physiologic levels, PE has
little effect on dopamine activity28; at pharma-
cologic levels, however, PE increases the release
and decreases the reuptake of dopamine and
other monoamines and may have a postsynaptic
dopaminergic receptor–stimulating effect.24,28 In
a recent study, selegiline was shown to induce a
marked dose-related increase in PE levels within
the hypothalamus and caudate of dogs.24

Another possible mode of action for selegi-
line in CDS patients is through antioxidant ac-
tivity. It has been hypothesized that formation
of free radicals may play a role in certain types
of dementia in humans.7,29,30 Traumatic injuries
to the brain result in the formation of free rad-
icals and may contribute to dementia pugilisti-
ca.31 Both ischemia and reperfusion injury are
known to produce free radicals in the brain
and may also contribute to certain types of de-
mentia in humans.18,29,30 Superoxide dismutase,
catalase, and glutathione peroxidase all con-
tribute to reduce free radical formation.29 Se-
legiline HCl increases levels of superoxide dis-

mutase and catalase in the striata of dogs,
which may decrease free radical formation and
subsequent damage to neurons.32,33

Selegiline (Anipryl®, Pfizer Animal Health,
Exton, PA) was approved by the US FDA in
1998 for the control of clinical signs associated
with canine CDS.34 Although several studies
had been conducted to determine the drug’s ef-
ficacy in treating CDS, two studies were con-
sidered to be pivotal by the FDA. The first was
a double-blind placebo-controlled study in
which 184 dogs received either a negative
placebo control or selegiline at 0.2 or 1.0 mg/k
once daily for 4 weeks; 160 of these dogs then
received selegiline at 1.0 mg/kg once daily for
an additional 8 weeks.34 The second study was
an open-label noncomparative study in which
47 dogs received selegiline at 0.5 mg/kg once
daily (the dose was increased to 1.0 mg/kg in
three dogs) for 3 months.34

Separate target animal safety studies were
also conducted. Forty dogs (eight per treat-
ment group) received either a negative placebo
or selegiline at 1, 2, 3, or 6 mg/kg for 6
months.34 The long-term safety of selegiline
was evaluated in a double-blind placebo-con-
trolled study in which 41 dogs received a place-
bo control and 41 dogs received selegiline at
1.0 mg/kg for 2 years and 10 weeks.35 Addi-
tional safety data34 were gathered by reviewing
the adverse events reported in the two efficacy
studies.34,35 From the results of all these studies,
the FDA concluded that at a dose of 0.5 to 1.0
mg/kg once daily, selegiline was both effective
and safe in controlling the clinical signs associ-
ated with canine CDS. 

Although CDS has a physiologic etiology, it
is most easily recognized by characteristic be-
havioral changes that are not attributable to a
general medical condition such as neoplasia,
sensory impairment, or organ failure.6,36,37

Clinical signs in a pet can be so severe that the
owner no longer considers the dog to have an
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acceptable quality of life. For this study, clini-
cal signs were divided into four categories of
behavioral changes: disorientation, decreased
interaction with family members, changes in
activity and/or sleep–wake cycle, and loss of
housetraining. 

At present, the diagnosis of CDS in dogs is
one of exclusion. In a manner similar to that
used to diagnose dementia in humans, the di-
agnosis of canine CDS is based on document-
ing specific clinical signs that are unrelated to
other disease processes.6,36 A routine evaluation
should include complete medical and behav-
ioral histories and thorough physical and neu-
rologic examinations. Appropriate diagnostic
tests to rule out other diseases that may mimic
the signs of CDS should be conducted. The
minimum diagnostic test should include a
complete blood count (CBC), chemistry pan-
el, and urinalysis. The need for additional di-
agnostic tests should be determined based on
the results of these preliminary tests. If no un-
derlying disease is apparent, the dog should be
started on selegiline and its response to therapy
monitored. 

The noncomparative open-label clinical
field study described here evaluated the effica-
cy of selegiline in controlling the clinical signs
of CDS in dogs that were diagnosed and treat-
ed under routine conditions. The purpose of
this study was to further define the role of se-
legiline as a treatment for controlling clinical
signs associated with canine CDS in addition
to what had previously been established in the
safety and efficacy studies conducted for FDA
approval. In the study described here, selegiline
was administered at 0.5 to 1.0 mg/kg once dai-
ly for 60 days. Response to therapy after 30
and 60 days of treatment are reported. 

n MATERIALS AND METHODS
Test Sites and Animal Selection

More than 300 veterinary clinics across the

US were invited to participate in this study;
236 clinics in 46 states choose to do so. An
identical protocol was used at all sites. Six hun-
dred forty-one dogs, 8 years or older of any sex,
breed, or weight with clinical signs consistent
with CDS were enrolled in the study. All dogs
in the study were owned by clients and were
regular patients of the participating veterinary
clinics. 

Pretreatment Evaluation
A pretreatment evaluation was conducted

for two reasons. The first was to diagnose any
underlying medical condition other than CDS
that might account for the observed clinical
signs. The pretreatment evaluation included a
medical history; physical and neurologic exam-
inations; and collection of blood and urine
samples for CBC, chemistry panel, and urinal-
ysis to assess the dog’s general health and to
rule out other underlying diseases that could
mimic the clinical signs of CDS. All blood and
urine samples were submitted to a central lab-
oratory (Covance Central Laboratory Services,
Indianapolis, IN) for evaluation.

The second reason for conducting pretreat-
ment evaluations was to confirm that all dogs
had at least one clinical sign in a minimum of
two of the four general categories of signs asso-
ciated with CDS (disorientation, decreased in-
teractions with family members, changes in ac-
tivity and/or sleep–wake cycle, and loss of
housetraining). Clinical signs of CDS were
documented during the pretreatment evalua-
tion by interviewing the owner or primary
caregiver about the dog’s behavioral history;
this information was recorded on the Behavior
History Data Capture Form (Figure 1). The
form was completed during two separate pre-
treatment interviews. The first interview was
conducted at the initial examination and the
second after blood work results had been re-
viewed. The goal was to identify and docu-



S. Campbell, A. Trettien, and B. Kozan

27

Figure 1. Behavior history data capture form.

BEHAVIOR HISTORY DATA CAPTURE FORM FORM 2  

Trial Number: D68C-60-98-13                                         Case Number:   

Y = Yes N = No + = improved 0 = unchanged – = worse

IF A CLINICAL SIGN IS NOTED Pretreatment Day 30 Primary Day 60 Primary
AT DAY 30 OR 60 THAT WAS Evaluation caregiver should caregiver should
NOT REPORTED AT THE be asked to be asked to
PREVIOUS VISIT, NOTE THE Circle correct compare dog compare dog
RESPONSE AS – (WORSE). response to initial visit to Day 30

evaluation  

DISORIENTATION 1st 2nd Circle correct Circle correct
Interview Interview response response

Apparent anxiety or confusion; Y N Y N + 0 – + 0 –
random or aimless wandering; 
repetitive pacing; staring into space   

Decreased ability to perform Y N Y N + 0 – + 0 –
previously learned tasks (i.e., 
stands at hinge side of door 
or goes to wrong exit door); 
gets stuck in corners, under 
or behind furniture; appears 
to forget reason for going 
outdoors or signals repeatedly 
to go in/out without eliminating 

Inappropriate or excessive Y N Y N + 0 – + 0 –
vocalization   

ACTIVITY AND SLEEP  

Decreased sleep and/or unexplained Y N Y N + 0 – + 0 –
restlessness during the evening or night   

Increased sleep during the Y N Y N + 0 – + 0 –
day or in a 24-hour period   

HOUSETRAINING (For dogs previously housetrained)  

Has urinary or fecal accidents 
in a previously housetrained dog 
(indicate # of incidents per week)            

Urinates or defecates indoors soon Y N Y N + 0 – + 0 –
after being outside; maybe in view 
of owners   

INTERACTION WITH FAMILY MEMBERS  

Less enthusiasm upon greeting and/or Y N Y N + 0 – + 0 –
no longer greets owners (in dogs that 
are aware that owners have arrived) 
and/or decreased frequency of greeting 
behavior and/or does not recognize 
familiar people 

(form continues on next page)
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ment all clinical signs of CDS before initiating
selegiline therapy. 

Inclusion/Exclusion Criteria
Investigators were instructed to exclude any

dogs that had evidence of underlying disease
with signs that mimicked those of CDS. Dogs
with evidence of renal disease, osteoarthritis,
hypothyroidism, hyperadrenocorticism, or
other conditions were included if the investiga-
tor determined that the underlying condition
was not contributing to the clinical signs at-
tributed to CDS. Dogs with other behavioral
disorders, such as aggression or separation anx-
iety, were excluded, as were dogs receiving be-
havioral modification drug therapy (e.g., selec-
tive serotonin reuptake inhibitors, tricyclic
antidepressants, all other antidepressants, anxio-
lytics, sedatives, anticonvulsants, opioids, 
lithium, progestins, methylphenidate). In ad-
dition, any dog that was being treated concur-
rently with products containing MAO in-
hibitors (e.g., amitraz) or products containing
ephedrine, hydrocodone, dextroamphetamine,
or levamphetamine was excluded from the
study, as per the product label. Dogs exhibiting
polyuria and/or polydipsia or those receiving
phenylpropanolamine for urinary inconti-
nence or prednisone were excluded from the
study if one of the animal’s CDS signs includ-
ed loss of housetraining. Dogs with known

seizure disorders were excluded. Animals re-
ceiving routinely prescribed medications, such
as heartworm and/or flea preventative, thyroid
supplementation, and nonsteroidal antiinflam-
matory agents were allowed to participate in
the study. 

The diagnosis of CDS was made based on
appropriate clinical signs and lack of evidence
of other underlying disease that could be con-
tributing to those signs. Determination of
whether the known medical condition (e.g.,
hypothyroidism, sensory loss) was contribut-
ing to the noted clinical signs was left to the
discretion of the investigator and was, in most
cases, supported by the response to selegiline
treatment. 

Dosage of Selegiline and Clinical Evaluation
Selegiline was administered orally at the rec-

ommended dosage of 0.5 to 1.0 mg/kg, to the
nearest whole tablet, once daily for 60 days.
Dogs were evaluated after approximately 30
and 60 days of therapy. Every attempt was
made to conduct these reevaluations within 1
week (± 7 days) of the required date. At the day
30 and day 60 evaluations, owners were asked
to assess their pet’s response to therapy in two
ways. First, owners were asked to evaluate the
dog’s overall response to treatment. Second,
owners were asked to evaluate the dog’s re-
sponse in terms of each of the four categories
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Decreased or no response to being Y N Y N + 0 – + 0 –
petted and/or decreased or no 
solicitation of petting or play

Does not respond to known verbal cues Y N Y N + 0 – + 0 –
or name; decreased responsiveness to 
stimuli such as doorbell ringing, 
sound of can opener 

VETERINARIAN’S INITIALS

DATE INFORMATION COLLECTED 
(DD/MM/YY)

(Figure 1 continued)



of signs associated with CDS using the Behav-
ior History Data Capture Form (Figure 1). Al-
though all dogs were reevaluated on day 60, in-
vestigators were advised to perform thorough
physical and neurologic examinations on ani-
mals that did not respond to treatment to iden-
tify any other either newly emergent or previ-
ously undiagnosed disease condition. All dogs
treated with selegiline were observed for the
occurrence of possible adverse drug events.

Statistical Analysis
Descriptive statistics were used to analyze

the response variables (behavior history by
clinical sign). Frequency (and percentage) dis-
tributions of clinical signs or behaviors were
calculated in terms of improvement, no
change, or worsening of signs. Because there
was no placebo control group, no hypothesis
tests were made on these data, except for clini-
cal sign by age group. Hypothesis tests were
performed (Pfizer Animal Health Biometrics
and Data Management, Lee’s Summit, MO)
on two response variables: the overall behavior
assessment at day 30 and day 60 with regard 
to the dog’s age, weight group, breed, and sex
using the Cochran Mantel Haenszel chi-square
statistical test, which blocked for effect of dif-
ferent clinics.

n RESULTS
Signalment of Animals 
Evaluated for Efficacy

Of the 641 dogs enrolled at 236 veterinary
clinics, 474 dogs completed the study accord-
ing to the protocol. Of these, 264 (55.7%)
were female and 210 (44.3%) were male.
There were 45 (17.0%) intact females and 219
(83.0%) spayed females; 57 (27.0%) males
were intact and 153 (73%) were neutered.
There were 316 purebred dogs and 158 mixed-
breed dogs representing more than 60 breeds.
Breeds represented by 10 or more animals in-

cluded poodle or miniature poodle (34),
Labrador retriever (24), cocker spaniel (24),
schnauzer or miniature schnauzer (17), Shih
Tzu (17), dachshund (15), Yorkshire terrier
(12), English springer spaniel (12), Shetland
sheepdog (11), and Lhasa Apso (10). Ages
ranged from 8 to 19 years, with a mean age of
13.77 years (13.81 years for females and 13.70
years for males). Body weights ranged from 1.0
kg to 64.5 kg, with a mean weight of 15.7 kg.
Doses of selegiline ranged from 0.21 mg/kg to
2.48 mg/kg (only one dog received this dose);
the average dose was 0.76 mg/kg; 

Pretreatment Evaluation 
Abnormal findings on the pretreatment

physical examination and/or preexisting med-
ical conditions were reported for 376 of the
dogs in the study. Animals with known under-
lying disease were allowed to participate in the
study if the investigator determined that the
reported conditions did not contribute to the
observed clinical signs associated with CDS.
The most common physical examination ab-
normalities/preexisting medical conditions
were lenticular sclerosis/cataracts (37.6%),
dental disease (30.8%), and orthopedic disor-
ders such as osteoarthritis (25.5%). Other
physical examination abnormalities/preexist-
ing medical conditions (noted in fewer than
15% of the dogs) included cutaneous masses,
chronic cardiovascular disease, other ocular
diseases (e.g., keratoconjunctivitis sicca), der-
matologic disorders, hypothyroidism, and re-
spiratory disease. Neurologic abnormalities
were noted in 70 cases and included ataxia,
paresis or central proprioception deficits (25
[5.3%] of 474 dogs), decreased or loss of hear-
ing (15 [3.2%] of 474 dogs), and decreased or
loss of vision (13 [2.7%] of 474 dogs). 

Commonly reported concurrent drug thera-
py (initiated before selegiline administration)
included nonsteroidal antiinflammatory drugs
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(22.8%), heartworm preventatives (21.9%),
antibiotics (11.8%), antiarthritic neutraceuti-
cals (6.1%), thyroid supplementation (5.7%),
topical ophthalmics (4.8%), topical otic prepa-
rations (4.4%), flea control products (4.2%),
and cardiac medications (3.8%). 

Summary of Pretreatment Behavior History
The Behavior History Data Capture Form

(Figure 1) was completed (two separate inter-
views with the owner) before treatment was ini-
tiated to document the presence of clinical
signs consistent with CDS. This form was also
completed on days 30 and 60 of the study to
evaluate response to therapy. Four general cate-
gories of clinical signs associated with CDS
were listed on the Behavior History Data Cap-
ture Form: disorientation, decreased interaction
with family members, changes in activity
and/or sleep–wake cycle, and loss of house-
training. A summary of pretreatment informa-
tion gathered using the Behavior History Data
Capture Form is shown in Table 1 and repre-
sents a consolidation of the data collected at
two pretreatment behavior history interviews.
When the behavioral history was recorded at
both pretreatment interviews, the second inter-

view results are reported. For some animals, the
behavioral history was collected at the first in-
terview only, which is the information that is
reported. The categories of clinical signs noted
before treatment were disorientation (97.0%),
decreased interaction with family members
(89.0%), changes in activity or sleep–wake cy-
cle (95.5%), and loss of housetraining (74.0%).

Dogs were divided into four age groups for
the pretreatment evaluation: 8 to 10 years, 11
to 13 years, 14 to 16 years, and older than 16
years. Although not statistically different, dis-
tribution of clinical signs by age shows some
general trends. Three clinical signs (disorienta-
tion, decreased interaction with family, and
loss of housetraining) occurred with the great-
est incidence in dogs older than 16 years; dis-
orientation was noted in 100% of dogs in this
group. Incidence of changes in activity and/or
sleep–wake cycle was reported in 100% of dogs
8 to 10 years. Loss of housetraining was the
least frequently reported clinical sign for all age
groups, ranging from 62.8% to 85.0%. 

Overall Response to Treatment
Owners were asked to evaluate the dog’s

overall response to therapy on days 30 and 60

Veterinary Therapeutics • Vol. 2, No. 1, Winter 2001

TABLE 1. Summary of Information Collected Using the Pretreatment 
Behavior History Data Capture Form 

No. of Dogs with Sign/Total Cases (%) by Age Group* 

Baseline  
Clinical Sign (all age groups) 8–10 Yr 11–13 Yr 14–16 Yr >16 Yr 

Disorientation 457/471 (97.0) 30/34 (88.2) 158/166 (95.2) 229/231 (99.1) 40/40 (100) 

Decreased interaction 420/472 (89.0) 28/34 (82.4) 150/167 (89.8) 205/231 (88.7) 37/40 (92.5) 
with owners 

Changes in activity 449/470 (95.5) 34/34 (100) 157/165 (95.2) 219/231 (94.8) 39/40 (97.5) 
and/or sleep–wake cycle 

Loss of housetraining 347/469 (74.0) 25/34 (73.5) 103/164 (62.8) 185/231 (80.0) 34/40 (85.0) 

*Total numbers of dogs vary due to recording errors.  Although data points are missing for some questions, there was
sufficient information for evaluation of the cases.



as improved, unchanged, or worse compared
to the pretreatment evaluation. 

Day 30
On day 30, 80% of the owners reported an

overall improvement in clinical signs, 19% re-
ported that the dog appeared unchanged, and
1% reported that the dog appeared worse
(Table 2). 

Day 60
On day 60, 77% of the owners reported an

overall improvement in clinical signs, 19% re-
ported that the dog appeared unchanged, and
4% reported that the dog appeared worse
(Table 2). Overall response to treatment on
days 30 and 60 was independent of age, sex,
breed, and weight as tested by Cochran Man-
tel Haenszel chi-squared statistical test. 

Response to Treatment by Clinical Sign
Overview

Owners were also asked to evaluate each
clinical sign listed on the Behavior History
Data Capture Form (Figure 1) as improved,
unchanged, or worse compared with the previ-
ous evaluation or interview. There were two or
three qualifying statements for each of the four
general categories of clinical signs listed. The
individual qualifying statements for a particu-
lar category were consolidated into one re-
sponse (i.e., improved, unchanged, or worse)

for that general category on day 30 and day 60
(Figure 2).

To determine whether an animal was im-
proved, unchanged, or worse for a particular
general category, a numeric value was assigned
to each qualifying statement for that category.
The consolidated score for a general category
was the sum of the various qualifying state-
ments for that category. An improvement was
noted as +1, an unchanged clinical sign as 0,
and a clinical sign that had worsened –1. Clin-
ical signs were not weighted by severity. The
number of urinary/fecal accidents per week
was grouped by frequency of occurrence as fol-
lows: 0, 1 to 5/week, 6 to 10/week, or more
than 10/week. A dog was considered improved
if the number of occurrences of loss of house-
training per week decreased to a lower fre-
quency group, unchanged if the number of oc-
currences remained within the same frequency
group, and worse if the number of occurrences
increased to a higher frequency group. 

Day 30
Response to therapy by clinical signs on day

30 was determined by comparing day 30 find-
ings with baseline history responses (Table 3).
Dogs with disorientation, decreased interac-
tion, and loss of housetraining had a similar re-
sponse to treatment (77.5%, 76.4%, and
73.5% reported as improved, respectively).
The lowest response was reported for changes
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TABLE 2. Overall Response to Treatment at Days 30 and 60

Response to Treatment 

Day No. (%) Improved No. (%) Unchanged No. (%) Worse 

30 (n = 471)* 378 (80.3) 89 (18.7) 4 (0.8)  
60 (n = 474) 366 (77.3) 91 (19.1) 17 (3.6)  
*In two cases, the owners were unable to assess response to therapy on day 30 but were able to determine overall response
on day 60. For one case, the response on day 60 was unchanged; for the other case, the response on day 60 was im-
proved. The day 30 Behavior History Data Capture Form was completed incorrectly for a third case; this case was re-
ported as improved on day 60.
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in activity and/or sleep–wake cycle, with
62.5% of the dogs reported as improved.

Day 60
Response to therapy on day 60 by individual

clinical signs was compared with the day 30 re-
sponse. The day 60 response to treatment for
all assessable cases was similar to that reported

on day 30 and is summarized for each general
category of clinical signs (Table 4). Most dogs
that showed improvement on day 30 contin-
ued to do so on day 60, although some dogs
that showed improvement on day 30 did not
show additional improvement on day 60. A
small number of dogs that showed improve-
ment on day 30 were reported as worse on day
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Figure 2. An example of how responses to the individual qualifying statements on the Behavior History Data Cap-
ture Form were consolidated into a single response for a particular general category. Overall response to treatment on
days 30 and 60 was compared with the pretreatment evaluations and is indicated in Table 2.

Day 30 Response Consolidated Score   

DISORIENTATION  

Apparent anxiety or confusion; random or aimless Improved = +1
wandering; repetitive pacing; staring into space  

Decreased ability to perform previously Unchanged = 0 0
learned tasks (i.e., stands at hinge side of door or Unchanged
goes to wrong exit door); gets stuck in corners, 
under or behind furniture; appears to forget reason 
for going outdoors or signals repeatedly to go in/out 
without eliminating 

Inappropriate or excessive vocalization Worse = –1    

ACTIVITY AND SLEEP  

Decreased sleep and/or unexplained restlessness Improved =+1
during the evening or night  +2

Improved
Increased sleep during the day or in a 24-hour period Improved =+1

HOUSETRAINING  

Has urinary or fecal accidents in a previously 10x/ 5x/ Improved
housetrained dog (indicate # of incidents per week) week  week =+1 

+1
Urinates or defecates indoors soon after being Unchanged = 0 Improved
outside; may be in view of owners 

INTERACTION WITH FAMILY MEMBERS  

Less enthusiasm upon greeting and/or no longer Worse = –1 
greets owners (in dogs that are aware that owners 
have arrived) and/or decreased frequency of greeting 
behavior and/or does not recognize familiar people –1

Decreased or no response to being petted and/or Unchanged = 0 Worse

decreased or no solicitation of petting or play 

Does not respond to known verbal cues or name; Unchanged = 0   
decreased responsiveness to stimuli such as doorbell 
ringing, sound of can opener 



60. The greatest degree of improvement
(77.8%) was reported for both disorientation
and decreased interaction with family mem-
bers. A lower response to treatment (68.6%)
was reported for both loss of housetraining and
changes in activity and/or sleep–wake cycle.

By Age Group
Response to treatment by age on day 60 for

animals that were noted by owners to have
clinical signs before treatment is presented in
Table 5. Although not statistically significant,
animals in the 8 to 10 years of age group
showed the most improvement of all age
groups in decreased interaction with family
members (89.3%) and changes in activity
and/or sleep–wake cycle (79.4%). Animals

older than 16 years showed the least amount of
improvement for all four categories of signs,
however, this finding was not statistically sig-
nificant. 

Improvement of Normal Dogs
A small number of dogs showed improve-

ment in clinical signs that were not reported as
being abnormal on the pretreatment evalua-
tions (Table 6). This observation was noted
most frequently in the category of decreased
interaction with family members. Of the 52
dogs that were reported to have normal inter-
action with family members before treatment,
19 (36.5%) animals showed improvement on
day 30. For a less subjective clinical sign, such
as loss of housetraining, the number of animals
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TABLE 3. Day 30 Response to Treatment by Clinical Sign for Cases 
That Were Reported as Abnormal Before Treatment

No. (%) No. (%) No. (%) 
Clinical Sign Improved Unchanged Worse 

Disorientation (n = 457) 354 (77.5) 86 (18.8) 17 (3.7) 
Decreased interaction with family members (n = 420) 321 (76.4) 91 (21.7) 8 (1.9) 
Changes in activity and/or sleep–wake cycle (n = 449) 280 (62.4) 156 (34.8) 13 (2.9) 
Loss of housetraining (n = 347) 255 (73.5) 72 (20.8) 20 (5.8) 

TABLE 4. Improvement by Clinical Sign on Day 60 

No. (%) No. (%) No. (%) 
Improved Unchanged Improved

on Day 30 with on Day 30 but on Day 30 with 
Continued Showing no Additional Total No. (%)  

Improvement  Improvement Improvement Improved from
Clinical Sign on Day 60 on Day 60 on Day 60 Day 0 to Day 60

Disorientation (n = 454) 251 (55.3) 30 (6.1) 72 (15.9) 353 (77.8) 

Decreased interaction with 222 (53.0) 25 (6.0) 79 (18.9) 326 (77.8) 
family members (n = 419) 

Changes in activity and/or 184 (41.2) 38 (8.5) 81 (18.1) 303 (67.8) 
sleep–wake cycle (n = 447) 

Loss of housetraining (n = 344) 122 (35.5) 28 (8.1) 86 (25.0) 236 (68.6) 



34

that showed an improvement after treatment
despite being reported as normal before treat-
ment is very low (3.3%). 

Disposition of Excluded Cases
Selegiline efficacy was evaluated only in dogs

that completed 60 days of therapy and fol-
lowed the study protocol requirements. Of the
641 dogs originally enrolled in the study, 167
were excluded from efficacy analysis for the fol-
lowing reasons:

n 65 (10%) of 641 dogs were removed from
efficacy evaluation because of noncompli-
ance to the protocol. Of these, 41 (64%)
were removed because of investigator error
(failure to follow protocol, incorrect com-

pletion of forms [e.g., no date, illegible or
missing data]) and 24 (46%) because of
owner noncompliance (failure to return for
recheck examination during the allotted
time, incorrect medication doses given,
owner moved). When it was known that the
owner failed to return because of lack of re-
sponse to treatment, the animals were in-
cluded in the “no improvement prior to 60
days” category.

n 58 (9%) dogs were euthanized or died.
n Treatment was discontinued in 32 dogs (5%)

because of adverse events.
n Treatment was discontinued in 12 dogs (2%)

because no notable improvement in clinical
signs was seen prior to completing 60 days
of treatment.

Veterinary Therapeutics • Vol. 2, No. 1, Winter 2001

TABLE 5. Response to Therapy by Clinical Sign and Age Group on Day 60

No. of Dogs Showing Improvement/No. Reported with
Specified Clinical Sign (%) by Age Group* 

Clinical Sign 8–10 Yr 11–13 Yr 14–16 Yr >16 Yr 

Disorientation 23/30 (76.7) 127/157 (80.9) 175/227 (77.1) 28/40 (70.0) 

Decreased interaction with 25/28 (89.3) 121/150 (80.7) 153/204 (75.0) 27/37 (73.0) 
family members 

Changes in activity or 27/34 (79.4) 106/156 (67.9) 148/218 (67.9) 22/39 (56.4) 
sleep–wake cycle 

Loss of housetraining 18/25 (72.0) 75/103 (72.8) 125/182 (68.7) 18/34 (52.9) 
*Total numbers of dogs vary due to recording errors. Although data points are missing for some questions, there was suf-
ficient information for evaluation of the cases.

TABLE 6. Summary of Improvement Noted on Day 30 by Owners 
of Animals Reported as Normal Before Treatment

No. of Dogs Showing Improvement on Day 30/No. of 
Clinical Sign Dogs Reported as Normal Before Treatment (%) 

Disorientation 2/14 (14.3) 
Decreased interaction with family members 19/52 (36.5) 
Changes in activity and/or sleep–wake cycle 3/21 (14.3) 
Loss of housetraining 4/122 (3.3) 



It can be argued that the exclusion of these 102
dogs because of death, euthanasia, adverse
events, or lack of improvement before 60 days
of treatment skews the results from a practi-
tioner’s perspective. When these dogs were in-
cluded in the efficacy evaluation the overall im-
provement after 60 days of selegiline therapy
was 64%. 

Reporting of Possible Adverse Drug Events
In this study, an adverse drug event was de-

fined as any abnormal clinical sign that oc-
curred while the dog was receiving selegiline
without regard to causality (i.e., whether the
event was directly attributable to drug admin-
istration). The cause of possible adverse drug
events was difficult to assess in this population
of geriatric dogs with signs of CDS because
many of the animals had concurrent or newly
emergent conditions and/or may have been re-
ceiving other medications. The rate of adverse
events reported in this study was similar to that
seen in previous studies and reported in the
Freedom of Information Summary for this
product.34 Possible adverse drug events were re-
ported in 186 cases. The most frequently re-
ported clinical signs included diarrhea (4.2%),
anorexia (3.6%), and vomiting/salivation
(3.4%). Clinical signs noted less frequently in-
cluded anxiety, restlessness, or hyperactivity
(2.2%), dermatologic disorders (2.2%), disori-
entation (2.0%), hindlimb paresis and ataxia
(2.0%), vestibular signs (2.0%), lethargy
(1.9%), orthopedic disorders (1.7%), polydip-
sia (1.7%), and seizures (1.6%). Investigators
(case veterinarians) were asked to assess
whether the abnormal clinical signs were a di-
rect result of selegiline administration or due to
other factors. The investigators did not consid-
er the majority of all other reported adverse
events to be drug related. 

Forty-nine dogs were euthanized and nine
dogs died during the study. An identified un-

related medical condition or preexisting disease
was considered to be the reason for death or
euthanasia in many of these cases (27 of 641
dogs; 4.2%). Fourteen (2.2%) dogs were euth-
anized because of a lack of improvement in
clinical signs prior to 60 days of treatment.
Nine dogs were euthanized because of possible
adverse drug events, which investigators as-
sessed as unlikely to be related to selegiline ad-
ministration. One dog had received routine
vaccinations at the same time selegiline was ad-
ministered and subsequently developed he-
molytic anemia that was not responsive to
treatment. Because of concurrent vaccine ad-
ministration, causality was undetermined for
this case. No reason for euthanasia or cause of
death was reported for seven (12%) dogs.

n DISCUSSION
The first description of canine CDS appeared

in the human literature where investigators
found similarities in the way canine and human
brains age.1–6 It is well accepted that some hu-
mans “age better” than others—some individu-
als retain their cognitive abilities later in life
while others fall victim to various forms of de-
mentia, such as Alzheimer’s disease. Various in-
vestigators have discovered that dogs age in a
similar manner. Some dogs, regardless of breed,
lose their ability to recognize and interact with
their surroundings as they age while other dogs
do not.1,3 A common pathophysiologic finding
in both the human and canine aging brain is
deposition of β-amyloid plaques.2,4–6 β-amyloid
has been shown to be toxic in cell cultures.7

Whether β-amyloid deposition is a cause of de-
mentia or a marker of some other underlying
pathophysiology is still under investigation, as
are a number of other potential causes such as
changes in neurotransmitters and free radical
formation. A detailed summary is beyond the
scope of this article, however, the evidence clear-
ly identifies canine CDS as a syndrome.
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The purpose of this study was to evaluate the
efficacy of selegiline in a realistic clinical situa-
tion, recognizing the limits of diagnostic test-
ing for the majority of practitioners and the fi-
nancial constraints of most dog owners. The
diagnosis of CDS in dogs is currently one of
exclusion because no definitive diagnostic test
is available. The presence of an underlying dis-
ease that could induce some or all of the clini-
cal signs associated with CDS, including other
intracranial diseases, hypothyroidism, hepatic
encephalopathy, hyperadrenocorticism, and
urinary tract infections, must be ruled out. A
complete medical history, thorough physical
and neurologic examinations, and laboratory
tests (including CBC, chemistry panel, urinal-
ysis, and appropriate endocrine tests and liver
function tests) as needed, help eliminate a
number of potential concurrent diseases. Addi-
tional diagnostic tests to rule out intracranial
disease (e.g., analysis of cerebrospinal fluid,
magnetic resonance imaging, or computed to-
mography scan) may also be needed. However,
these additional diagnostic tests can be cost
prohibitive for some owners and a positive re-
sponse to treatment can confirm the diagnosis
after most of the obvious diseases that can
mimic the signs of CDS are ruled out.

In this study, the diagnosis of CDS was
made based on appropriate clinical signs and
lack of evidence of other underlying disease
that could be contributing to those signs. If an
underlying condition (e.g., hypothyroidism,
sensory loss) was identified, the investigator
determined whether the condition was con-
tributing to the clinical signs associated with
CDS; if the investigator decided that an un-
derlying condition did not contribute to the
clinical signs associated with CDS, the animal
was allowed to participate in the study.
Whether such dogs responded to selegiline
treatment determined the accuracy of the as-
sessment to some degree.

The diagnosis of CDS is also based on recog-
nition of certain behavioral changes. However,
animals with CDS often appear normal in the
examination room and display the abnormal
behavior only in the home environment; thus
owners are in a better position to recognize be-
havioral changes in their pet. Asking owners a
series of questions (such as those listed in the
Behavior History Data Capture Form; Figure
1) is critical to both identify initial clinical
signs as well as to determine the response to
treatment. Similarly, the Mini-Mental State
Examination (MMSE)38,39 is used to help diag-
nose Alzheimer’s disease in humans. As with
other diseases, such as Lyme disease40 and tox-
oplasmosis41 in which there are no definitive
diagnostic tests, response to treatment may be
the best available diagnostic test.

This study was conducted as a noncompara-
tive open-label study after the US FDA ap-
proved selegiline (Anipryl®, Pfizer Animal
Health, Exton, PA) for the treatment of CDS.
(The Freedom of Information Summary—
Supplemental for Anipryl, 1998 provides in-
formation concerning the pivotal safety and ef-
ficacy studies that were submitted to the FDA.34)
Noncomparative open-label studies or Phase
IV studies, such as the study described here, are
commonly conducted after the FDA has ap-
proved a pharmaceutical product (human or
animal) to demonstrate the benefits of the
product when administered in routine situa-
tions.42,43 Phase IV studies can be comparative
or noncomparative and provide valuable infor-
mation about the effect of various treatment
modalities on response to treatment and also al-
low for monitoring of possible adverse events.42

The nonblind nature of the protocol and the
lack of a placebo control group limit the results
of this study. The placebo effect in studies eval-
uating drugs for which response to therapy is
measured by a behavioral change is relatively
high, ranging from 28% to 58% in human
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studies44 and 17% to 56% in animal studies.34,45

In one animal study,45 the placebo effect on the
objective measurement was greater (56%) than
the subjective assessment of the owner or vet-
erinarian (38% and 26%, respectively). A re-
cent review of the placebo effect in animal
studies listed investigator bias, a conditioned
response by the subject, expectancy by the sub-
ject, endogenous opioid release, and human
contact as possible reasons for a placebo ef-
fect.46

The placebo effect in this study cannot be
assessed. However, the placebo effect seen in a
double-blinded placebo-controlled study eval-
uating the efficacy of selegiline as a treatment
for CDS ranged from 17% to 38% after 30
days of treatment.34 The selegiline-treated
group in this study had a higher response than
the placebo group for all clinical signs (33% to
66%); the difference between placebo- and se-
legiline-treated dogs was significant for three
clinical signs (changes in activity, changes in
sleep–wake cycle, and improvement in loss of
housetraining).34

An unexpected observation noted in this
study was that a small number of dogs initially
assessed by their owners as being normal in a
particular category of clinical signs before se-
legiline treatment showed improvement on day
30 and/or day 60. This was noted most fre-
quently for the category of clinical signs defin-
ing a decreased interaction with family mem-
bers. The fact that the owners initially assessed
these animals as normal and then reported an
improvement could be interpreted in several
ways. It is unlikely that the response was due to
selegiline’s amphetamine metabolites, as this
effect is usually seen at a dose three to six times
higher than that administered in this study;
furthermore, these effects would more likely be
reported as possible adverse events (hyperactiv-
ity, restlessness) than as improvements in clini-
cal signs.47 Two more likely explanations are

that the improvement in normal animals indi-
cates either a placebo effect or that owners ac-
cept some clinical signs of CDS as a part of
normal aging. For the later explanation, it is
only when animals improve with selegiline ad-
ministration that owners appreciate that the
behavior was actually a clinical sign of CDS. 

The clinical signs of CDS were evaluated for
age-related trends. The majority of animals in
this study were between the ages of 11 and 16
(337 of 474 dogs; 71.1%). Three of the four
clinical signs associated with CDS were report-
ed most frequently in the pretreatment evalua-
tions of dogs older than 16 years of age, with
100% showing signs of disorientation, 92.5%
reporting decreased interactions, and 85% re-
porting loss of housetraining. This group also
had the lowest response to treatment for all age
groups. These data suggest that older animals
not only may be more likely to have a higher
incidence of CDS-related clinical signs but also
may be less likely to respond to therapy. 

n CONCLUSION
Canine CDS is a recently described dis-

ease.1–6 Factors that contribute to the underly-
ing pathophysiology associated with CDS are
not completely understood. It is most likely a
multifactorial condition, with a combination
of both physical and chemical alterations oc-
curring within the brain. The overall result is
decreased function manifesting as behavioral
changes. 

The criteria for diagnosis in this study were
based on positive responses to questions about
four general categories of clinical signs in the
absence of other disease conditions that could
be attributed to the observed signs. Results of
this study show that selegiline can control the
clinical signs associated with CDS. After 30
days of treatment, 80% of dogs showed overall
improvement in the clinical signs of CDS; af-
ter 60 days of treatment, 77% were reported as
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improved. Although CDS is ultimately a pro-
gressive disease, treatment with selegiline offers
a therapeutic option for control of clinical
signs when there was previously no alternative. 

n REFERENCES
1. Head E, Mehta R, Hartley J, et al: Spatial learning and

memory as a function of age in the dog. Behav Neu-
rosci 109(5):851–858, 1995.

2. Cummings BJ, Head E, Ruehl WW, et al: The canine
as an animal model of human aging and dementia.
Neurobiol Aging 17:259–268, 1996.

3. Milgram NW, Head E, Weiner E, et al: Cognitive
functions and aging in the dog: Acquisition of non-
spatial visual tasks. Behav Neurosci 108(1):57–68,
1994.

4. Ferrer I: Primary central white matter degeneration in
old dogs. Acta Neuropathol 86:172–175, 1993.

5. Cummings BJ, Su JH, Cotman CW, et al: Beta-amy-
loid accumulation in aged canine brain: A model of
early plaque formation in Alzheimer’s disease. Neuro-
biol Aging 14: 547–560, 1993.

6. Ruehl WW, Bruyette DS, DePaoli A, et al: Canine
cognitive dysfunction as a model for human age-relat-
ed cognitive decline, dementia and Alzheimer’s dis-
ease: Clinical presentation, cognitive testing, patholo-
gy and response to L-deprenyl therapy. Prog Brain Res
6:217–225, 1995.

7. Pappolla MA, Chuan YJ, Omar RA, et al: Evidence of
oxidative stress and in vivo neurotoxicity of β-amyloid
in a transgenic mouse model of Alzheimer’s disease: A
chronic oxidative paradigm for testing antioxidants
therapies in vivo. Am J Pathol 152:871–877, 1998.

8. Cummings BJ, Head E, Afach A, et al: β-Amyloid ac-
cumulation correlates with cognitive dysfunction in
the aged canine. Neurobiol Learn Mem 66:11–23, 1996.

9. Russell MJ, White R, Patel E, et al: Familial influence
on plaque formation in the beagle brain. Neuroreport
3:1093–1096, 1992.

10. Russell MJ, Bobik M, White RG, et al: Age specific
onset of β-amyloid in beagle brains. Neurobiol Aging
17:269–273, 1996.

11. Borras D, Ferrer I, Pumarola M: Age-related changes
in the brain of the dog. Vet Pathol 36:202–211, 1999. 

12. Shimada A, Kuwamura M, Awakura T, et al: Topo-
graphic relationship between senile plaques and cere-
brovascular amyloidosis in the brain of aged dogs. J
Vet Med Sci 54:137–144, 1992.

13. Uchida K, Tani Y, Nakayama H, Groto N: Amyloid
angiopathy with cerebral hemorrhage and senile

plaques in aged dogs. Japan J Vet Sci 52: 605–611,
1990.

14. Koppang N: Canine ceroid lipofuscinosis—A model
for human neuronal ceroid lipofuscinosis and aging.
Mech Ageing Dev 19:1–121, 1973.

15. Arnsten AFT: Catecholamine mechanisms in age-re-
lated cognitive decline. Neurobiol Aging 14:639–641,
1993. 

16. Tariot PN, Schneider LS, Patel SV, Goldstein B:
Alzheimer’s disease and L-deprenyl: Rationales and
findings, in Szelenyi I (ed): Inhibitors of Monoamine
Oxidase B. Basel, Switzerland, Birkhause Verlag, 1993,
pp 301–317.

17. Nomura Y: Neurochemical aspect of brain aging—
Neuronal death and decreased synaptic functions.
Hokkaido Igaku Zasshi 71:309–314, 1996. 

18. Pepeu G, Casamenti F, Pepeu IM, Scali C: The brain
cholinergic system in aging mammals. J Reprod Fertil
Suppl 46:155–162, 1993. 

19. Palmer AM, DeKosky ST: Monoamine neurons in ag-
ing and Alzheimer’s disease. J Neural Transm Gen Sect
91:135–159, 1993. 

20. Venero JL, Machado A, Cano J: Age effects on
monoamine turnover of the rat substantia nigra. Brain
Res 557:109–114, 1991. 

21. Strong R: Neurochemical changes in the aging human
brain; implications for behavioral impairment and
neurodegenerative disease. Geriatrics 53(Suppl 1):S9–
S12, 1998. 

22. Heinonen EH, Lammintausta R: A review of selegi-
line. Acta Neurol Scand 84(Suppl 135):44–59, 1991.

23. Milgram NW, Ivy GO, Murphy MP, et al: Effects of
chronic oral administration of deprenyl in the dog.
Pharmacol Biochem Behav 56:421–428, 1995. 

24. Milgram NW, Ivy GO, Head E, et al: The effect of L-
deprenyl on behavior, cognitive function, and bio-
genic amines in the dog. Neurochem Res 18:1211–
1219, 1993.

25. Graham DG: Oxidative pathways for catecholamines
in the genesis neuromelanin and cytotoxic quinones.
Mol Pharmacol 14:633–643, 1978.

26. Demattei M, Levi AC, Fariello G: Neuromelanic pig-
ment in substantia nigra neurons of rats and dogs.
Neurosci Lett 72:37–42, 1986. 

27. Knoll J: (-) Deprenyl (selegiline, Movergan) facili-
tates the activity of the nigrostriatal dopaminergic
neuron. J Neural Transm Suppl 25:45–66, 1987.

28. Paterson IA, Juorio AV, Boulton AA: 2-Phenylethyl-
amine: A modulator of catecholamine transmission in
the mammalian central nervous system? J Neurochem
55:1827–1837, 1990.

29. Knight J: Reactive oxygen species and neurodegenera-
tive disorders. Ann Clin Lab Sci 27:11–25, 1997.

Veterinary Therapeutics • Vol. 2, No. 1, Winter 2001



30. Volicer L, Crino PB: Involvement of free radicals in
dementia of the Alzheimer type: A hypothesis. Neuro-
biol Aging 11:567–569, 1991. 

31. Roberts GW: Immunocytochemistry of neurofibril-
lary tangles in dementia pugilistica and Alzheimer’s
disease: Evidence of a common pathogenesis. Lancet
2:1456–1458, 1988.

32. Carrillo MC, Milgram NW, Wu P, Kitani K: L-De-
prenyl increases activities of superoxide dismutase
(SOD) in stratum of dog brain. Life Sci 54:1483–
1489, 1994. 

33. Carrillo M-C, Kanai S, Nokubo M, et al: (-) Deprenyl
increases activities of superoxide dismutase and cata-
lase in striatum but not in hippocampus: The sex and
age-related differences in the optimal dose in the rat.
Expert Neur 116: 286–294, 1992

34. Pfizer Animal Health: Anipryl® Freedom of Informa-
tion Summary, 12/98.

35. Pfizer Animal Health: Data on file.
36. Hart BL, Hart LA. Selecting, raising and caring for

dogs to avoid problem aggression. JAVMA 210:1129–
1134, 1997.

37. Ruehl WW, Hart BL, Entrinken TL, Bruyette D: L-
deprenyl therapy for canine cognitive dysfunction, in
Bonagura JD (ed): Kirk’s Current Veterinary Therapy
XIII, Small Animal Practice. Philadelphia, WB Saun-
ders Co, 2000, pp 53–57. 

38. Frances A, Pincus HA, First MB: Diagnostic and Sta-
tistical Manual of Mental Disorders. Washington, DC,
American Psychiatric Association, 1994.

39. Folstein MF, Folstein SE, McHugh PR. Mini-mental
state: A practical method for grading the cognitive

state of patients for the clinician J Psychiatr Res
12:189–198, 1975.

40. Green CE, Appel MJG, Straubinger RK: Lyme borre-
liosis, in Greene CE (ed): Infectious Diseases of the Dog
and Cat, ed 2. Philadelphia, WB Saunders Co, 1998,
pp 2282–2293.

41. Dubey JP, Lappin MR: Toxoplasmosis and neosporo-
sis, in Greene CE (ed): Infectious Diseases of the Dog
and Cat, ed 2. Philadelphia, WB Saunders Co, 1998,
pp 493–509.

42. Linden M, Baier D, Beitinger H, et al: Guidelines for
the implementation of drug utilization observation
(DUO) studies in psychopharmacological therapy.
The phase IV research task force of the association for
neuropsychopharmacology and pharmacopsychiatry
(AGNP). Pharmacopsychiatry 30(Suppl 1):65–70, 1997.

43. Gregg RE: Recommendations for phase VI studies in
the development of lipid-lowering drugs. Am J Cardi-
ol 81(8A):64F–66F, 1998.

44. Shapiro AK, Shapiro E: The placebo: Is it much ado
about nothing?, in Harrington A (ed): The Placebo Ef-
fect. An Interdisciplinary Exploration. Harvard, MA,
Harvard University Press, 1997, p 21. 

45. Vasseur PB, Johnson AL, Budsberg SC, et al: Ran-
domized controlled trial of the efficacy of carprofen, a
non-steroidal anti-inflammatory drug, in the treat-
ment of osteoarthritis in dogs. JAVMA 206:807–811,
1995.

46. MacMillan FD: The placebo effect in animals. JAV-
MA 215(7):992–999, 1999.

47. Head E, Milgram NW: Changes in spontaneous be-
havior in the dog following oral administration of L-
deprenyl. Pharmacol Biochem Behav 43:749–757, 1992.

S. Campbell, A. Trettien, and B. Kozan

39


