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Abstract

Cognitive dysfunction syndrome is a major disease affecting old cats and is the consequence of severe and irreversible loss of brain cells

and brain atrophy. The present study focused on the hypothesis that the optimal strategy for promoting successful brain ageing is to target

risk factors associated with brain ageing and dementia. We used a nutritional strategy involving supplementation with a blend of nutrients

(antioxidants, arginine, B vitamins and fish oil) to test this hypothesis. Middle-aged and old cats between 5·5 and 8·7 years of age were

assigned to cognitively equivalent control or treatment groups based on prior cognitive experience and performance on baseline cognitive

tests. The cats in the treatment group were maintained on a diet supplemented with the nutrient blend and the cats in the control group

were maintained on the identical base diet without the additional supplementation. After an initial wash-in period, all cats were tested

on a battery of cognitive test protocols. The cats fed the test diet showed significantly better performance on three of four test protocols:

a protocol assessing egocentric learning, a protocol assessing discrimination and reversal learning and a protocol focused on acquisition of

a spatial memory task. The results support the hypothesis that brain function of middle-aged and old cats can be improved by the nutrient

blend that was selected to minimise or eliminate the risk factors associated with brain ageing and dementia.
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Brain ageing is associated with both a gradual and irreversible

loss of brain cells and synapses, which can lead to dementia in

human subjects and a syndrome of cognitive dysfunction

(CDS), a condition similar to dementia in human subjects, in

companion animals(1–3). Recent work has established that

aged cats, like both dogs and human subjects, develop b-amy-

loid pathology(4,5) and develop plaques that are immunoposi-

tive for AB42, as they are in the human brain(6). Aged cats

have also been reported to develop hyperphosphorylated t

protein(7) and decrease in cholinergic-positive neurons(8). In

the human brain, these age-associated changes are known

to link to cognitive decline and dementia. Despite evidence

to the contrary(9,10), we have recently reported that neuropsy-

chological test performance in cats shows age-dependent

changes that parallel those seen in dogs and in human sub-

jects(11). In cats, the clinical symptoms of CDS includes disor-

ientation, altered interactions with pet owners and other pets,

sleep–wake cycle abnormality, loss of housetraining and

altered activity levels and patterns(12,13). CDS affected 28 %

of 11- to 14-year-old cats, and 50 % of cats over 15 years

showed one or more signs of CDS(12,13).

Attempts to treat dementia in human subjects and CDS in

companion animals are complicated by the fact that once

brain cells are lost, they cannot be replaced in sufficient quan-

tities to provide normal brain functions(1–3,14,15). This suggests

that there should be a greater focus on preventive strategies,

such as using nutrients or bioactives that target reducing the

rate of brain cell loss in both human subjects and pets to pro-

mote healthy brain ageing and reduce the risk of dementia.

We have hypothesised that the best option to manage brain

ageing successfully is to retard ageing-induced changes,

especially brain atrophy, by reducing or eliminating risk fac-

tors associated with brain ageing and dementia(1). Brain

ageing, stroke and dementia have also been linked to several

risk factors that include DHA deficiency, high homocysteine,

low status of vitamin B6, vitamin B12 and folic acid, high
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blood pressure, cerebral vascular lesion, increased oxidative

stress and chronic inflammation(16–24).

Based on earlier assumptions, we have proposed a strategy

for promoting healthy brain ageing that focuses on nutritional

modifications targeting metabolic changes and risk factors

associated with brain ageing and dementia(1). Because of the

multiple factors, we hypothesised that no single nutrient or bio-

active compound is likely to be sufficient for retarding brain

ageing and reducing the risk of dementia andCDS.Wehave con-

sequently developed ablendof nutrients, referred to as thebrain

protection blend (BPB), which were selected based on their

ability to minimise or eliminate the risk factors associated with

brain ageing and dementia. The BPB includes fish oil, arginine,

B vitamins and selected antioxidants. Fish oil containing DHA

and EPA was selected to prevent and correct DHA deficiency

and offer anti-inflammatory benefits(25,26). Arginine was

selected to enhance NO synthesis, which has been linked to cir-

culation, blood pressure control and cognition(27,28). B vitamins

prevent and correct any B vitamin deficiency and minimise the

risk of high homocysteine(18,29,30). Antioxidants, including

vitamins E and C and Se, offer protection against oxidative

damage and inflammation-induced damage in both brain

tissue and blood vessels(31–36).

The primary objective of the present study was to assess the

effectiveness of long-term maintenance on the BPB on cogni-

tive functions in middle-aged and old cats. The cognitive assess-

ments included a landmark discrimination learning test, which

was designed to assess visuo-spatial learning and had proved

sensitive to age in dogs(37,38). The second test protocol was

designed to assess egocentric spatial ability and was initially

described by Christie et al.(39); this task also included a reversal

learning component, which provides a measure of executive

function. The third test protocol examined performance on a

size discrimination and reversal learning task. These tasks

have also previously been used in cognitive evaluation of

dogs(40,41) and the reversal task provides a useful measure of

executive function(41). The final protocol examined perform-

ance on the delayed non-matching-to-position (DNMP) task,

which had initially been used in group stratification and was

designed to evaluate learning and short-term memory.

Materials and methods

Cats and housing

The present study used thirty-two short-haired cats with six-

teen cats per group, and the age range of the cats was

between 5·5 and 8·67 (6·65 (SD 0·72)) years at the start of

the study. The study protocol was approved by the CanCog

Technologies Institutional Animal Care Committee, and fol-

lowed the guidelines of the Ontario Ministry of Agriculture.

Whenever possible, cats were group housed based on com-

patibility in separate rooms provided with environmental

enrichment consisting of toys, beds and the opportunity to

play outside on a daily basis. Housing temperature and

humidity were held relatively constant by automated tempera-

ture control and continuous ventilation. Room environmental

conditions have design specifications as follows: single-pass

air supply with 2200 cubic feet filtered air changes per min,

relative humidity of 60 ^ 10 %, temperature of 21 ^ 38C and

a natural light–dark cycle.

Test and control diets

The control diet was a commercial super premium-type pro-

duct for adult cats. Both diets were isoenergetic, manufactured

by Nestlé Purina PetCare, Inc. and contained the same levels

of protein, fat and carbohydrates. Dietary ingredients, chemi-

cal composition and the levels of individual ingredients of

the nutrient blend are provided in Table 1. Diet samples

were sent to Nestlé Purina Analytical Laboratories (Nestlé

Purina Petcare) for chemical analyses. Ash, crude fat, crude

fibre, crude protein, moisture and fatty acid profile were

measured based on the Association of Official Agricultural

Chemists methods 942.05, 922.06, 962.09, 990.03, 930.15 and

996.06, respectively.

Baseline cognitive testing and randomisation

All the cats assigned to the present study had previously been

trained on a programme of cognitive testing that included, at a

minimum, testing on discrimination and reversal learning and

training on a two-component version of the DNMP task(42). A

total of twelve cats had received extensive training on a variety

of cognitive tasks and constituted an experienced group. The

other twenty cats were trained only on discrimination learn-

ing, reversal and the DNMP, and were characterised as an

inexperienced group. Two factors were used in grouping:

(1) baseline cognitive performance on the DNMP task over

five consecutive sessions and (2) extent of previous cognitive

experience. The cats were first separated into experienced and

Table 1. Ingredients and chemical composition of diets

Control Test (BPB*)

Nutrient composition (% as fed)
Moisture 8·31 8·19
Ash 5·75 6·08
Crude protein 40·50 40·90
Crude fat 17·9 18·6
Crude fibre 1·08 0·87
Linoleic acid (% of total fat) 14·0 13·7
EPA 0·04 0·28
DHA 0·04 0·27
Arg 1·48 2·30
a-Tocopheryl acetate (mg/kg) 73·6 550
Vitamin C (mg/kg) 0 80
Se (mg/kg) 0·72 1·00
Thiamine (mg/kg) 37·3 55·0
Riboflavin (mg/kg) 17·2 30·9
Pantothenic acid (mg/kg) 26·1 55·4
Pyridoxine (mg/kg) 15·4 18·0
Cyanocobalamin (mg/kg) 0·05 0·09
Folic acid (mg/kg) 1·6 4·25

Energy content
Calculated ME (kJ/g)† 16·20 16·33

BPB, brain protection blend; ME, metabolisable energy.
* Including addition of DHA, EPA, vitamin C and elevated levels of argi-

nine, B vitamins, Se and a-tocopherol.
† Calculated based on the predictive equation for ME in cat foods(55).
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inexperienced groups. Each group was then separately ranked

based on baseline cognitive performance. Table 2 illustrates

that, after group assignment, the two treatment groups were

equivalent in body weight, age and cognitive performance.

Cognitive testing apparatus

All cognitive testing utilised the feline general test apparatus,

which is a modified version of the Toronto general test appa-

ratus developed for use in cognitive testing of dogs(43). The

apparatus illustrated in Fig. 1 consisted of an enclosure,

where the cat was placed during the cognitive tests, with a

front consisting of three adjustable gates, which were set

such that the cat could extend its head through the opening

to reach the food well and obtain the reward. The cats were

in the enclosure for 5–15 min, depending on the cognitive

tests. The technologist was separated from the cat by a par-

tition containing a one-way mirror and a hinged door through

which the tray was presented. The tray contained one medial

and two lateral food wells. The two lateral wells were for

the landmark discrimination, size discrimination and DNMP.

The egocentric test protocol used all three food wells. The

food reward was Friskies Chef’s Dinner Pate, Turkey and

Giblets Dinner Pate or Chicken and Turkey Dinner in Gravy

Senior, depending on the preference of the cats. Approxi-

mately, 1 g of the above-mentioned food was used as the

food reward for each test.

Feeding and cognitive test schedule

The cats were fed ad libitum and given free access to water via a

wall-mounted automatic system and/or water bowls. The cats

were weighed weekly during the study and the food provided

was adjusted in order to maintain relatively constant body

weights. All cats were fed the control diet during the recruitment

phase and baseline cognitive test phase.

The assessment phase commenced after a 30 d wash-in

period. The cats were tested on four cognitive test protocols

(landmark discrimination learning, egocentric learning and

reversal, size discrimination and reversal and a DNMP task).

The study proceeded over 345 d, following the schedule out-

lined in Table 3.

All behavioural testing was carried out in the morning or

early afternoon, with each animal tested at about the same

time every day. All cognitive tests were administered by

trained behavioural technicians who were blinded with

respect to diets.

The delayed non-matching-to-position task

The DNMP task provides a test of both visuo-spatial learning

and short-term visuo-spatial memory, and the test protocol

was based on a protocol originally developed for the assess-

ment of dogs(42). The cats were given a series of paired

Table 2. Age, body weight and cognitive performance at baseline

(Mean values with their standard errors, n 16)

Control BPB*

Mean SEM Mean SEM

Age (years) 6·65 0·14 6·66 0·21
DNMP (% correct) 67·06 2·47 65·66 2·47
Baseline body weight (kg) 4·26 0·27 4·13 0·20

BPB, brain protection blend; DNMP, delayed non-matching-to-position.
* Including addition of DHA, EPA, vitamin C and elevated levels of arginine,

B vitamins, Se and a-tocopherol.

Fig. 1. (colour online) Test apparatus for cognitive assessment of felines. The apparatus consists of an enclosure where the cat was placed for 5–15 min during

the cognitive test and a sliding tray with three food wells.

Y. Pan et al.42
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trials, with each containing both a sample and a test com-

ponent. For the sample component, the cats were presented

with a single object covering a food reward over either the

left or right food well. For the test component, the cats were

then presented with two identical objects covering both the

left and right food wells. To obtain a reward, the cat had to

respond to the well that was not covered with an object

during the sample phase.

All cats included in the present study had been trained on

the DNMP prior to starting the study. At baseline, they were

all given five test sessions, which was used in group allo-

cation. During the test phase of the study, the cats were

tested for relearning of the DNMP task at a delay, with the

delay between sample and test phase set at 5 s. To successfully

acquire the task, the cats were required to successfully com-

plete a two-stage learning criterion, as described previously

for dogs(42).

Egocentric test protocol

The egocentric task is a spatial discrimination task in which cats

were required to use their body position to locate a reward by

responding to an object based on proximity to either its left or

right side(39). The test protocol for the egocentric task consisted

of a 1 d preference test phase, an egocentric discrimination

phase and an egocentric reversal phase. The reversal task is

used to assess executive function, a higher-level cognitive func-

tion that includes the ability to switch response sets.

During the preference test phase, the cats were given a pre-

ference test consisting of ten presentations of two identical

objects, one of which covered the right food well and the

other the left. The cats were rewarded for responding to

either object. The side that the cat responded to most fre-

quently was designated the preferred side. If both sides

were selected equally often, the preferred side was decided

by a coin toss. The cats’ preferred orientation was used as

the correct orientation for the egocentric discrimination

phase. Thus, if the preferred side was the one to the cat’s

left side, then during the egocentric discrimination phase,

the cat was rewarded for responding to the object.

For the egocentric discrimination phase, the cats were given

twelve trials per d using all three food wells, with two wells

used for each trial. There were three possible configurations:

left v. centre, left v. right or right v. centre. Each configuration

was presented to the cat on exactly four trials. Cats were tested

daily until they successfully achieve a two-stage learning cri-

terion. The first stage was achieved when they either obtained

eleven or more correct choices on 1 d, twenty of twenty-four

over two consecutive days or twenty-nine of thirty-six over

three consecutive days. To complete the second stage, the

cats were required to respond correctly on at least twenty-

six of thirty-six trials over three successive sessions.

After completion of the egocentric discrimination phase, the

correct location was switched to the opposite side and the cats

were now rewarded for responding to the originally incorrect

side. This constitutes the initial egocentric reversal task. After

completing the first reversal task, the cats were given

additional reversal training until they complete a total of

forty sessions following the egocentric discrimination. For

the first and second reversal tasks, a two-stage learning cri-

terion was used. The first stage was achieved when they

either obtained eleven or more correct choices on 1 d,

twenty of twenty-four over two consecutive days or twenty-

nine of thirty-six over three consecutive days. To complete

the second phase, the subjects were required to respond cor-

rectly on at least twenty-six of thirty-six trials over three suc-

cessive sessions. For the subsequent reversals, a one-stage

criterion was used in which the cats were assumed to learn

if they either responded correctly on 90 % or more of the

trials on a single day or if they were correct on 80 % of the

trials over two successive days.

Landmark discrimination task

This task provides a measure of allocentric spatial learning, in

which the cats were required to utilise the location of an exter-

nal landmark to determine the location of a food reward. The

protocol had two parts. In the first, referred to as land-0, a

yellow rod, the landmark, was attached to the middle of one

of two coasters and the cats were required to respond directly

to the landmark to obtain a reward. The cats were tested once

daily for ten trials per d until they either successfully com-

pleted a two-stage learning criterion or failed to complete

the criterion within thirty training days. To successfully com-

plete the criterion, the subjects had to first respond correctly

on at least nine of ten trials on a single day or on sixteen of

twenty trials over a 2 d period. To successfully complete the

second phase, the cats were required to respond correctly

on 70 % of the trials over three consecutive days. Thus, a mini-

mum of 4 d was required to complete the criterion. Cats that

failed to successfully complete the task within the 30 d were

given a programme of remedial training. If a cat did not

pass land-0 after completing remedial training, it was not

tested further on the subsequent landmark tasks. After com-

pleting the first task, the landmark was moved to a position

2·5 mm from the edge of the coaster and the cats were then

presented with the choice of responding to one of the two

coasters. This task, referred to as land-1, required the cat to

respond to the coaster that was closest to the landmark.

Size discrimination and reversal task

The size discrimination task provides a measure of visual dis-

crimination learning ability, a basic function that depends on

associative learning, and the reversal task provided an

Table 3. Cognitive test schedule

Days Test schedule

212 to 21 Baseline DNMP test
0 to 30 Wash-in
31 to 74 Egocentric protocol
82 to 177 Landmark protocol
201 to 281 Size discrimination and reversal learning
304 to 345 Re-test of DNMP

DNMP, delayed non-matching-to-position.
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additional assessment of executive function. For this task, the

cats were first trained to selectively respond to one of the two

objects that differed in size, but were otherwise identical. The

protocol started with a 1 d preference test, in which the cats

were allowed to respond to either of the two objects over

ten trials, with all responses associated with reward. The

object chosen most often was considered the preferred

object and was the object associated with reward during the

discrimination learning phase.

After completing the preference test, the cats were given up

to forty sessions to successfully complete a two-stage learning

criterion on the size discrimination task. Training on the rever-

sal learning task started after a cat completed the size discrimi-

nation task. The procedure was identical to that used for the

size discrimination learning test, except that the reward con-

tingencies were reversed (i.e. the object that was positive on

the initial training was negative on the reversal training and

vice versa). A maximum of forty sessions was allowed on

the reversal task. For both phases of the task, the learning cri-

terion was the same as that used for the landmark test.

Body weight, fatty acid profile of erythrocytes, vitamin
B12, folic acid and total antioxidant status

Prior to the start of the study, baseline jugular blood samples

were collected by a veterinary technician for measurements of

the fatty acid profile in erythrocytes, folic acid, B12, homocys-

teine and total antioxidant status. These measures were

repeated after 200 or 345 d of treatment. Body weight was

recorded at 2-week intervals. Erythrocyte samples for fatty

acid profiles were sent to the Lipid Chemistry and Molecular

Biology Laboratory (Department of Nutritional Sciences, Uni-

versity of Connecticut, Storrs, CT, USA) and were analysed

based on a protocol published in a previous paper(44).

Blood samples were sent to the Nestlé Purina Petcare PTC

Clinical Laboratory for the analyses of total antioxidant

status, homocysteine, vitamin B12 and folic acid. Plasma

levels of total antioxidant status and homocysteine were

measured photometrically with a Cobas c311 Clinical Chem-

istry Analyzer (Roche Diagnostics). Plasma levels of vitamin

B12 and folic acid were measured by an electrochemilumine-

scence immunoassay with a Cobas e411 Immunochemistry

Analyzer (Roche Diagnostics).

Statistical analysis

The original plan for analysis of cognitive data was to calculate

errors to achieve a criterion level of responding, with response

failures constituting 0·5 errors. However, there were several

occasions in which individual cats did not achieve the

a priori learning criterion because of too frequent response

failures. This had the effect of elevating the total number of

errors in individual cats that were very likely to respond cor-

rectly when they did respond. Accordingly, we examined a

second target variable, that of percentage correct response

out of total attempted responses, in which trials with response

failures were ignored. Thus, if an animal responded correctly

on five trials out of ten, and failed to respond on the other five

trials, its score would be 100 %, despite the fact that a priori

it would have been scored as making 2·5 errors. In some

instances, it also became necessary to drop individual animals

from specific tasks. Thus, for the BPB group, two animals

were dropped from the landmark test, two from the size test

and one from the DNMP test.

Prior to statistical analysis, the data were tested for normal-

ity using the Kolmogorov–Smirnov test, and in every case,

normality was confirmed. The data were then analysed statisti-

cally using either ANOVA or two-tailed t tests.

For the statistical analyses, effects were considered margin-

ally significant if a statistical significance of 0·10 was achieved

and statistically significant if a level of significance of 0·05 was

obtained. Repeated-measures ANOVA was used to test for

differences between groups in body weight, fatty acid profiles

of erythrocytes, vitamin B12, folic acid and total antioxidant

status. Values are means with their standard errors, except

for the cognitive data in the figures.

Results

Effect on performance of the egocentric test

The results for the initial learning and reversal were first ana-

lysed with repeated-measures ANOVA, with task as the within-

subject variable and both treatment (control v. BPB) and

experience as the between-subject variables. For the percen-

tage correct measure, the analysis revealed highly significant

main effects of treatment and task (P¼0·000 and 0·000,

respectively). As shown in Fig. 2, the significant treatment

effect reflected the BPB group performing more accurately

on both tests. Multiple comparisons using Tukey’s method

revealed significant differences between groups on both orig-

inal learning (P¼0·042) and reversal learning (P¼0·002).

The initial analysis also included experience, and the results

were not statistically significant (see Table 4). Similar data

were obtained for all tasks. Consequently, the experience vari-

able was dropped for all subsequent analyses.

Task

Egocentric disc Egocentric rev

Pe
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g
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*

*

Fig. 2. Effects of brain protection blend ( ) supplementation on cats’ perform-

ance in egocentric tests. The data are mean values with their standard errors

and n 16 for both groups. The performance was expressed as percentage

correct choices. * Mean values were significantly different in both egocentric

discrimination (disc) learning and reversal (rev) tests (P,0·05). , Control.
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There was considerable variability in the repeated reversal

phase, with some animals completing only a single reversal,

while others were able to successfully complete eight rever-

sals. There were also differences between groups (P¼0·04),

with the control group completing an average of 3·19 (SD

0·42) reversals and the BPB group completing an average of

4·67 (SD 0·55) reversals. Fig. 3 shows the percentage of animals

from each group that successfully completed each reversal.

Effect on performance of the landmark test

Two of the animals in the BPB group were dropped before

completing the land-0 phase of the study because of inconsist-

ent responding and were not included in statistical analysis.

The data from land-0 and land-1 were analysed with

repeated-measures ANOVA, with treatment group and pre-

vious experience as between-subject variables and task as a

within-subject variable. With the percentage correct measure,

the results revealed a significant effect of task (P¼0·009) and

no other significant effects or interactions. The results are sum-

marised in Table 5, which illustrates that the significant effect

of task was due to the animals performing more accurately on

the land-0 task than on the land-1 task. Table 5 also shows that

the control subjects performed less accurately than the animals

on the BPB diet on both tasks, but the difference between the

control and BPB groups was non-significant.

Effect on performance of the size discrimination learning
and reversal tests

The data were first analysed with repeated-measures ANOVA,

with treatment group and experience as between-subject vari-

ables and task (size discrimination and reversal) as the within-

subject variable. The results of the percentage correct analysis

are summarised in Table 5 and revealed a significant effect of

group and a marginally significant effect of task. As illustrated

in Table 5, the significant group effect reflects more accurate

learning on both tasks by the BPB group. The task effect is

due to less accurate performance on the reversal learning

phase. Post hoc analysis with Tukey’s test revealed that the

group effect was largely driven by significant group differ-

ences on the size discrimination phase (Tukey’s P¼0·010).

Effect on performance of the relearning of delayed
non-matching-to-position test

The data were first analysed using a factorial ANOVA (percent-

age accuracy), with diet and previous experience as within-

subject variables. The analysis revealed a significant effect of

diet (P¼0·0149), and no other significant effects or inter-

actions. Table 5 compares performance during baseline with

performance in the treatment phase, and indicates that the sig-

nificant diet effect reflects more accurate performance of the

group on the BPB diet.

Effects on body weight, fatty acid profile of erythrocytes,
vitamin B12, folic acid and total antioxidant status

The effects of the nutrient blend on the fatty acid profiles of

erythrocytes are summarised in Table 6. Cats fed the BPB

diet had significantly higher DHA, EPA, total n-3 fatty acids,

lower LA and total n-6 fatty acids than the cats fed the control

diet at the end of the study. There was no significant differ-

ence in fasting blood levels of vitamin B12, homocysteine,

total antioxidant capacity and folic acid between the two

groups at baseline (data not shown). The test diet did not sig-

nificantly affect vitamin B12, homocysteine and total antioxi-

dant capacity (data not shown). Cats fed the test diet had

significantly (P,0·05) higher fasting blood levels of folic

acid (10·18 (SD 1·41) v. 15·65 (SD 1·51) ng/ml) at 200 d after

the feeding started. Body weight did not differ significantly

between the control and the BPB groups at baseline

(Table 2) and at the end of the study (4·10 (SD 0·27) v. 4·03

(SD 0·18) kg).

Discussion

The primary purpose of the present experiment was to exam-

ine the effects on cognitive function of long-term maintenance

of cats on a BPB diet. The testing protocol examined perform-

ance on a battery of cognitive tests over a 1-year period.

Baseline cognitive ability was initially used in placing the

cats into two cognitively equivalent groups. Over the course

of the test phase, the cats were tested on four test protocols:

(1) landmark discrimination learning, (2) egocentric learning

Table 4. Performance (% correct) on egocentric learning and reversal
as a function of pre-test experience

(Mean values with their standard errors)

Experienced
(n 12)

Inexperienced
(n 20)

Cognitive test Mean SEM Mean SEM P

Initial learning 79·91 1·79 76·73 1·39 NS
First reversal 62·32 1·19 64·02 0·92 NS

Reversals
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Fig. 3. Acquisition of multiple reversal tasks as a function of food group. The

y axis shows percentage of total animals that successfully acquired each

reversal. The x axis shows number of reversals that were successfully com-

pleted. , Brain protection blend group; , control.
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and reversal, (3) size discrimination learning and reversal and

(4) relearning of the DNMP task.

On all but the landmark discrimination protocol, the ani-

mals on the BPB diet showed significantly better performance

than the controls. In the egocentric task, the animals in the

treatment group showed significantly greater accuracy in

responding in the initial discrimination and reversal task and

completed more reversal learning problems than did the con-

trols. On the size and reversal protocol, there was a highly sig-

nificant effect of diet, with the SPB group performing more

accurately on both tasks and with the group differences on

the size discrimination task being highly significant. The

final protocol that showed significant differences was the

DNMP task, again with the animals on the BPB diet perform-

ing more accurately than the animals on the control diet. It is

important to note, however, that we used a percentage accu-

racy measure in which an animal’s score on the task was cal-

culated by dividing the number of correct responses by the

total responses. We did not include trials on which the subjects

did not respond. This measure was used because the training

protocol counted a non-response as an error and a large

proportion of the cats showed occasional or frequent

non-responses, which increased the total number of trials

confounding the usefulness of the error measure as an index

of performance.

Prior cognitive experience represented another potential

confound. A total of twelve cats used in the study had an

extensive previous training, while the previous experience

of the other twenty was more limited. We controlled for this

in group placement. In addition, we did not find differences

linked to prior experience. We suspect that, although the

groups differed in prior experience, the inexperienced

group had been tested on three different cognitive test pro-

tocols prior to starting the study, which may have blunted

effects of experience on cognitive performance.

Collectively, these data indicate that the BPB diet has global

cognitive benefits. The nutrient blend may exert cognition-

enhancing benefits or neuroprotective benefits, or possibly

both. The suggestion that the blend has cognition-enhancing

properties is supported by the fact that significant group

differences were observed on the egocentric task, which

started within a month of the start of treatment, which is prob-

ably too short a period for demonstration of neuroprotective

effects. On the other hand, better DNMP performance at the

end of the 1-year study suggests that the blend may not

only enhance brain function, but also retard brain ageing.

In this context, it is important to note that the control cats

performed at the same level at the end of 1 year as they did

at baseline. However, as they had previously been trained

on the same task, we normally expected at least a small

improvement in performance, reflecting savings. The absence

of any savings effect may be indicative of an age-dependent

Table 5. Performance on landmark, size discrimination and reversal
and delayed non-matching-to-position (DNMP) tests

(Mean values with their standard errors)

Performance (% correct)

Control (n 16) BPB* (n 14)†

Cognitive test Mean SE Mean SE P

Landmark
Land 0 62·40 1·04 65·36 1·34 NS
Land 1 65·97 1·07 67·85 1·34 NS

Size discrimination
Learning 71·66 1·24 78·29 1·66 0·010
Reversal 71·55 1·05 74·34 1·25 NS

DNMP
Baseline 67·06 2·47 65·66 2·47 NS
End of study 69·85 1·78 76·05 1·17 0·0149

BPB, brain protection blend.
* Including addition of DHA, EPA, vitamin C and elevated levels of arginine, B vita-

mins, Se and a-tocopherol.
† n 15 for DNMP test.

Table 6. Effects of the nutrient blend on fatty acid profile of cat erythrocytes

(Mean values with their standard errors, n 16)

Baseline Final

Control BPB† Control BPB†

Mean SEM Mean SEM Mean SEM Mean SEM

n-6 Fatty acids (% of total erythrocyte fatty acids)
18 : 2n-6 17·95 0·59 17·95 0·59 20·43 0·25 15·55* 0·26
20 : 2n-6 0·73 0·05 0·72 0·05 0·74 0·02 0·37* 0·02
20 : 3n-6 0·65 0·04 0·63 0·04 0·84 0·02 0·74* 0·02
20 : 4n-6 13·50 1·05 12·75 1·06 20·87 0·34 20·68 0·35
Total n-6 34·31 1·75 32·99 1·76 44·66 0·38 40·07* 0·39

n-3 Fatty acids (% of total erythrocyte fatty acids)
18 : 3n-3 0·20 0·02 0·18 0·02 0·21 0·01 0·19 0·01
20 : 5n-3 0·72 0·08 0·67 0·08 0·54 0·10 5·71* 0·10
22 : 6n-3 0·82 0·06 0·88 0·06 0·83 0·05 2·11* 0·05
Total n-3 1·55 0·20 1·44 0·20 1·58 0·13 8·01* 0·14

n-6:n-3 17·73 1·97 16·13 1·97 28·52 0·58 5·06* 0·59

BPB, brain protection blend.
* Mean values were significantly different from control (P,0·05).
† Including addition of DHA, EPA, vitamin C and elevated levels of arginine, B vitamins, Se and a-tocopherol.
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cognitive decline in the control group over the 1-year period

of the study. Of course, this is only a hypothesis, which

would be supported by evidence that younger cats, which

do not show cognitive decline, will show improvement in

DNMP relearning after 1 year. The results from the present

study support the hypothesis that the best option to manage

brain ageing successfully is to retard ageing-induced changes

in the brain by reducing or eliminating risk factors associated

with brain ageing and dementia(1).

Our decision to test the effects of a nutrient blend on cog-

nitive function in cats was based on our hypothesis that no

single nutrient or bioactive compound is likely to be sufficient

for retarding brain ageing and reducing the risk of dementia

and CDS, and that the best option to manage brain ageing suc-

cessfully is to retard ageing-induced changes, especially brain

atrophy, by reducing or eliminating risk factors associated

with brain ageing and dementia(1). The selection of the ingre-

dients of the BPB was based on their ability to reduce or elim-

inate risk factors associated with brain ageing and

dementia(18,25–35). We developed a test diet formulation for

the cat study, including the addition of fish oil and ascorbic

acid, and elevated levels of arginine, B vitamins and antioxi-

dant levels (Table 1). The levels of B vitamins and antioxidants

in the BPB diet are present in commercially available, highly

nutrient-dense products for adult cats. With the exception of

the inclusion of fish oil and ascorbic acid, and elevated

levels of other BPB ingredients, the control and BPB diets

were formulated to make sure that both diets have the same

levels of protein, fat, carbohydrates and similar levels of essen-

tial fatty acids (Table 1), Ca, choline, K, Mg, taurine, Zn and

amino acid profile (data not shown). More importantly, all

the essential nutrients in the control diet met the daily nutrient

requirement recommended for cats by the Association of

American Feed Control Officials.

The observed beneficial effects of the nutrient blend on

brain functions in cats are consistent with the observation of

a Mediterranean diet improving cognitive function in older

adults(45). In fact, all the ingredients in the BPB are present

in the fruits, vegetables, cereals, seeds, legumes, vegetable

oils and fatty fish of the Mediterranean diet. The beneficial

effects could be attributable to various components of the

nutrient blend. Our selection of B vitamins was further

supported by a recent study showing that B vitamin sup-

plementation reduced blood total homocysteine and slowed

down the decline in cognition in people with mild cognitive

impairment(46). As the B vitamins came from many of the

food ingredients in both the control and test diets, the control

diet contained all the B vitamins higher than the daily require-

ments for cats. Vitamin premix was used to further increase

the B vitamins in the test diet; cats fed the test diet had signi-

ficantly higher levels of folic acid, but did not significantly

affect vitamin B12 and homocysteine levels at 200 d after the

start of the feeding study.

In human subjects, decreased levels of DHA are associated

with cognitive decline in both normal elderly subjects and

subjects with dementia and Alzheimer’s disease(47,48). In

addition, fish oil supplementation has been reported to

improve aspects of cognitive function in people(49). Positive

effects of fish oil administration have also been reported in

aged rodents(50). The optimal levels of DHA and EPA in cats

for maximal brain benefits have not been determined yet. In

human subjects, it was proposed that maximal cardiovascular

protection of DHA and EPA is achieved with a concentration

of 8 % erythrocyte fatty acids as EPA þ DHA(51). Coinciden-

tally, the levels of DHA and EPA in the nutrient blend resulted

in 8 % of erythrocyte fatty acids as EPA and DHA in the cats.

More studies are needed to determine the optimal levels of

erythrocyte fatty acids as EPA þ DHA for maximal protection

against brain ageing and CDS in cats.

High blood pressure is a risk factor for brain ageing and

high risk of Alzheimer’s disease in people(17,22). Another

mechanism that could contribute to the beneficial effects is

the role of L-arginine in the production of NO, which acts

both directly on the central nervous system as a neuroregula-

tor and also peripherally. NO has frequently been linked to

cognition through a variety of pathways, and administration

of NO donors in rats is reported to protect against the devel-

opment of cognitive disorders(52). Peripherally, NO is known

to be important in controlling blood pressure. In rats, for

example, induced hypertension can be counteracted by the

administration of L-arginine(53). Dietary L-arginine supplemen-

tation has been shown to decrease both systolic and diastolic

blood pressure in subjects with mild hypertension(54).

Oxidative stress and inflammation are important contribu-

tors to brain ageing and dementia(21,23); the antioxidants and

EPA in the blend may help to reduce oxidative stress-induced

damage and low-grade inflammation in the whole body

including the brain. Both Se and vitamin E came from the

diet ingredients and exceeded the daily requirements of

adult cats; there was no significant difference in the total

blood antioxidant capacity between control and the test diet.

It is worth noting that all of the nutrients included in the

blend, except vitamin C, DHA and EPA, were also present in

the control diets in amounts higher than daily requirements

of cats. Therefore, the control cats were not deficient in any

of the essential nutrients. However, all the nutrients included

in the BPB were presented in the test diets at levels higher

than those in the control diet. For instance, the levels of B

vitamins were at least 3·5 times that of the daily requirements

in the nutrient blend, and arginine was two times that of the

daily requirement for adult cats. In addition to enhanced n-3

fatty acids, the blood level of folic acid was significantly

increased in the cats fed the BPB diet. Enhanced brain func-

tion in the cats fed the BPB diet suggests that cats need to con-

sume nutrients at levels higher than their daily requirement to

benefit more from the effects of nutrients on brain health.

In summary, the present study shows that the BPB that we

selected to reduce or eliminate the known risk factors for

brain ageing and dementia can significantly improve cognitive

function and may retard age-related decline in cognitive func-

tion in normal middle-aged and old cats. More studies are

required to determine the lowest level needed for each nutri-

ent to have maximal beneficial effects on brain health and

function, and confirm any inhibitory effects of the BPB on

neuron loss and brain atrophy in cats.
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