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ARTICLE INFO ABSTRACT

Received: April 15,2024 Advances in lipidomics revealed the crucial role of fatty acids in physiological and pathological conditions.
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a disabling disease requiring multidisciplinary treatments. There is a growing focus on nutraceuticals, being
adjuvant therapies with negligible adverse events. This paper evaluates the effect of Neurogen Pet Ultra®
supplementation in aging dogs with CCD. Twenty-four CCD dogs were administered with Neurogen Pet Ultra®
for 60 days, followed by 60 days without supplementation. The erythrocyte membrane lipidome was examined
Cozzi, Barbara Tonini, Simona Cannas, in all 24 dogs at the study entry while in the 12 patients who completed the study, even at days 60 and 120.
Paolo Emidio Crisi, Giulia Pignataro, A cluster of 10 fatty acids was quantitatively analyzed using gas chromatography. Diseased dogs’ fatty acid
values were statistically compared with those of 8 senior healthy dogs. Dogs with CCD displayed alterations
of the fatty acid profile, mainly represented by the increase of saturated and monounsaturated fatty acid
menzi. Evaluation of the Impact of a families (p = 0.0011 and 0.0194, respectively) and the decrease of the polyunsaturated family (p = 0.0009).
Nutraceutical supplementation resulted in a statistically significant normalization of the content of nearly
all fatty acids. Lipid modifications in treated dogs were evaluated throughout the follow-up period, showing
the Membrane Lipidomic Analysis marked improvements over time. The capability of Neurogen Pet Ultra® to remodel the lipid imbalance
in Aging Dogs with Canine Cognitive confirms its favorable effect on CCD dogs. Moreover, these findings provide new tools for an accurate disease
diagnosis, along with the validation of an unbiased method to monitor any therapy.
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Introduction

The population of aging dogs has grown significantly over the last
decades. There are more than 30 million senior and geriatric dogs
over the age of seven years in the USA and over 15 million in Europe
[1]. Dogs live much longer due to the excellent care level and preven-
tive examinations [2]. However, prolonged life expectancy frequently
accompanies age-related diseases such as the Canine Cognitive Dys-
function (CCD) [3,4]. The CCD estimated prevalence ranges from 14%
to over 60% and increases as dogs age, even if small breeds are at
higher risk because of their greater lifespan [5,6]. Canine cognitive
dysfunction is a neurodegenerative syndrome of older dogs character-
ized by a gradual but progressive cognitive decline [7-9]. Clinical signs
are a continuing cognitive impairment and changes in daily routine,
including disorientation, altered social interactions, change in sleep-
wake cycle, aimless wandering, barking, house soiling, alterations in
activity level, and anxiety level changes [10,11]. The first approach to
diagnose CCD is a clinical evaluation aimed at excluding any systemic
or neurologic disease that might mimic CCD symptoms [12]. Diagnos-
tics may require physical and neurologic examinations, bloodwork,
thoracic radiographs, and abdominal ultrasound, followed in some
cases by a brain MRI and cerebrospinal fluid analysis to evaluate for
structural changes such as brain atrophy or inflammation, infection,
and neoplasia [13]. The establishment of an accurate diagnosis is of-
ten reached with the help of validated screening questionnaires that
are related to the owner’s perception, sound tools to rate different
stages of CCD and to distinguish this disease from a simple decrease
in psychomotor activity caused by general aging of the organism [14-
18].

Canine cognitive dysfunction resembles human Alzheimer’s dis-
ease (AD) [19,20], sharing many similarities in the neuropathological
abnormalities associated with the disease process [21-24]. Among
the pathological brain alterations commonly witnessed in both hu-
mans and dogs with cognitive dysfunction, there are cerebrovascular
diseases, neuronal mitochondrial dysfunction, oxidative brain dam-
age, impaired neuronal glucose metabolism, astrocyte dysfunction,
microglial activation, glutamate-mediated excitotoxic neuronal dam-
age, and abnormal deposition of beta-amyloid plaques [6,8,21,25-27].
Moreover, amyloid beta deposits in dogs have DNA fragments that
are highly conserved with those of their human counterpart [28,29].
A-beta amyloid plaques seem to have an essential role in the neuronal
death cascade. However, there might be differences between dogs and
humans in the persistence of plaques and their distribution, suggest-
ing additional pathogenetic mechanisms in the canine species, such
as failure of myelin and synapsis homeostasis and activation of brain
damage through immunological mechanisms [24,30,31].

Other common characteristics of CCD and human AD are a loss in
synapsis and low plasma and phospholipid precursors levels in the
brain [32,33]. In order to hinder cognitive decline and neurodegener-
ation, the formation of new synapsis, namely synaptogenesis, should
be stimulated. This process dramatically relies on the availability of

phospholipid precursors to the brain, particularly phosphocholine,
an intermediate synthesizing phosphatidylcholine (PC), representing
the major component of neuronal brain membranes. In addition, it
provides the phosphocholine moiety needed to synthesize sphingo-
myelin, the other major choline-containing brain phospholipid. Phos-
phatidylethanolamine synthesis also utilizes ethanolamine instead of
choline. At the same time, phosphatidylserine, the third major struc-
tural phosphatide, is produced by exchanging a serine molecule for
the choline in PC or the ethanolamine in phosphatidylethanolamine
[32,34-36]. Phosphatidylcholine synthesis occurs thanks to 3 precur-
sors: docosahexaenoic acid (DHA), uridine, and choline, which reach
the brain entirely or predominantly from circulation.

Since the enzymes that synthesize PC act on all of them and have
low affinities for these substrates, the blood levels of the three precur-
sors can influence the overall PC synthesis rate [37,38]. The literature
demonstrates that brain PC synthesis rapidly increased in rodents
fed with a diet supplemented with choline, uridine, and DHA [37,38],
while positive outcomes resulted from two clinical trials performed
on patients with early AD receiving these three compounds [39,40].
The assumption that the clinical effects of these elements are mediat-
ed by an enhanced synaptogenesis is consistent with the observation
that the characteristic impairment of connectivity between the var-
ied areas of AD brain was also ameliorated [41]. Therapeutic strate-
gies that may slow the progression and improve signs of CCD include
drugs, functional foods, and nutritional supplementation oriented to
reduce damage caused by oxidative stress, correct metabolic changes
associated with cognitive decline, reduce inflammation, and amelio-
rate mitochondrial function, neuronal health, and signaling [42].

Strictly adhering to a treatment protocol combining drug treat-
ment, dietary supplementation, and environmental enrichment re-
sults in satisfactory clinical outcomes [8]. Dietary supplements, more
adequately known as nutraceuticals, have shown a sharp increase in
veterinary medicine in recent years [43]. In modern medicine, the
administration of nutraceuticals in the prevention and treatment of
animal diseases is as joint as it is in humans due to their safety profile,
cost-effectiveness, and ease of finding [44]. Nutraceuticals are unde-
fined compounds used to improve the state of health, prevent malig-
nant processes, and control symptoms of different diseases. Their
therapeutic components are derived mainly from plants, animals, and
marine sources [45] and typically contain the required amounts of
vitamins, lipids, proteins, and minerals [46]. Nutraceuticals vary ac-
cording to their mechanism of action, ranging from an anti-cancer to
an antioxidant or anti-inflammatory activity [47]. There is a reason-
able body of literature confirming the positive effects of nutraceutical
supplementation on neuronal damage and cognition in rat models,
dogs, and humans with cognitive impairment [48-55]. However, re-
search needs more objective and unbiased methods to detect the ac-
tual effect of nutraceutical treatments.

In 2020, Prasinou et al. disclosed a novel molecular approach
helpful in assessing nutritional treatments in health and canine dis-
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ease conditions [56]. These authors selected a cluster of ten fatty ac-
ids representative of cell membranes’ structural and functional prop-
erties and quantitatively analyzed them from erythrocyte membrane
glycerophospholipids of healthy dogs. These ten fatty acids belonging
to saturated (SFA), monounsaturated (MUFA), and polyunsaturated
(PUFA) fatty acids families were extracted from red blood cells (RBC)
because the RBC composition of fatty acids is informative of fatty acid
levels present in various tissues such as muscles, liver, and in tissues
not withdrawable during life like retina or brain [57,58]. Lipidomics,
the science that studies metabolic pathways through lipids composi-
tion [59], has already been widely applied in human research [60-62]
but has been scarcely studied in veterinary medicine [63].

Prasinou et al. described the healthy dog lipidomic membrane
profile, creating a benchmark for evaluating metabolic and nutritional
status in physiological and pathological conditions [56,64]. This study
aims to assess whether Neurogen Pet Ultra® dietary supplementation
results in significant molecular changes by a quantitative analysis
of the lipidomic profile in aging dogs affected by CCD compared to a
cohort of senior healthy dogs. Neurogen Pet Ultra® is a nutraceutical
product addressed to geriatric dogs and indicated for neuronal pro-
tection and neurotransmission regeneration by means of activation of
synaptic membranes. It provides the dogs with choline, uridine, DHA,
and various antioxidant and anti-inflammatory compounds.

Materials and Methods
Animals

Twenty-four dogs with signs compatible with CCD were enrolled
in this prospective study between January 2019 and January 2020.
Dogs with symptoms consistent with cognitive dysfunction were
identified through clinical signs and examined by a neurologist (FC).
Diagnosis requested the employment of a questionnaire, clinical
evaluation, and confirmed in selected cases with advanced diagnos-
tic imaging (brain MRI). The recruited subjects were eligible for the
study if they were aged over 108 months in the case of small/me-
dium size dogs or over 84 months in the case of medium/large size
dogs. The dogs differed in breed, sex, and body weight (see Tables
1-3). Epileptic dogs and dogs with metabolic or behavioral disorders
were equally included in the study, as well as animals already receiv-
ing treatments for CCD. Moreover, dog owners must be willing to ad-
minister the dietary supplementation accordingly. Exclusion criteria
comprised dogs with other concurrent documented diseases that
might have signs similar to CCD, such as structural brain lesions (i.e.,
neoplasia, vascular disease, others); subjects already treated with dif-
ferent nutraceuticals for geriatric diseases; patients in need of further
medications due to subsequent medical conditions; dogs presenting
adverse events following the dietary supplementation under investi-

gation; animals reporting a deterioration in the clinical status during
the observation period. The study protocol did not require any eval-
uation concerning the type of diet the owners feed their dogs, albeit
dietary regimens were registered.

Study Design

Each dog received Neurogen Pet Ultra® (NBF Lanes, Milan, Italy)
at the dosage of %2 tablet per 5 kgs live weight once a day for 60 days.
Follow-up also included the following 60 days in which Neurogen Pet
Ultra® was not administered. Table 4 lists the product components.
Animals were not subjected to additional supplementation or change
in their daily diet over the observation period. After a first medical ex-
amination at study entry (T0), the experimental subjects underwent
follow-up visits on day 30 (T30), day 60 (T60), day 90 (T90), and day
120 (T120), when the investigators recorded clinical data. Blood sam-
ples were harvested at days 0, 60, and 120 for the lipidomic profile
assessment.A control group of 8 healthy elderly dogs, whose fatty ac-
id-based membrane lipidome profile was already studied, has been
extrapolated from the Prasinou et al. article [56]. The research was
conducted according to the directive 2010/63/EU, article 1 (para-
graph 5f); the present study did not imply any form of animal suffer-
ing or health risk, since it focused on the administration of a natural
substance. However, compliance with the decree ensured a further
safeguard for the patient’s health. All dogs enrolled in this study were
owned and subjected to regular veterinary checks.

Membrane Lipidome Analysis

Red blood cells (RBC) were isolated from 1 mL of fresh ED-
TA-treated whole blood sample and used for performing the lipidome
analysis as previously described [56,64]. The fatty acid-based mem-
brane lipidome analysis consists of 8 steps, as summarized below
and in Figure 1. The process starts with separating erythrocytes from
plasma, followed by the washings and centrifugation for membrane
isolation that produces a pellet that is suspended in water to extract
lipids. The organic layer produced is then separated and evaporated
under a vacuum to dryness. A thin layer chromatography (TLC) using
chloroform/methanol/water is performed to determine the purity of
the phospholipid fraction to avoid plasma contaminants that could
interfere with the fatty acid quality and quantity. The phospholipid
extractis transesterified at room temperature for 10 min to obtain the
fatty acid methyl esters (FAMEs) derived from the fatty acid residues
present in membrane glycerophospholipids. The final steps include
the extraction of the FAME, their evaporation under vacuum, and the
FAME extract’s gas chromatography (GC) analysis. The FAME quanti-
fication is performed using CG analysis, as already described [56,64].
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1mL
whole blood

Centrifugation for plasma removal

Cell washing, centrifugation, and supernatant elimination

Cell lysis for membrane pellet isolation

Lipid extraction from membrane pellet

Check for phospholipid purity

Transesterification to FAME and extraction

Gas chromatography analysis and identification

Cluster of ten fatty acids and quantitative determination

Figure 1: Summary of the eight steps of the fatty acid-based erythrocyte membrane lipidomic analysis.

The values of the cluster of ten fatty acids representative of the
primary fatty acid moieties of the cell membrane are expressed in pg/
mL. Each quantity is reported as a percentage relative to the cluster
as the sum of the quantities (100%) that corresponds to > 97% of
the peaks found in the GC runs. The fatty acid quantities identified
are also helpful for calculating the corresponding lipid indexes by
performing mathematical operations of sums and ratios. The cluster
of the selected ten fatty acids, including lipid indexes, are detailed in
Table 5. The cohort of fatty acids includes palmitic (C16:0) and stearic
(C18:0) acids as SFAs; palmitoleic (C16:1), oleic (9¢, C18:1), and vac-
cenic (11c, C18:1) acids as MUFAs; linoleic (LA, C18:2), dihomo-gam-
ma-linolenic (DGLA; C20:3), and arachidonic (AA, C20:4) acids as
PUFA omega-6; and eicosapentaenoic (EPA, C20:5) and docosahexae-
noic (DHA, C22:6) acids as PUFA omega-3.

These values are also reported as total fatty acid contents (to-
tal SFAs, total MUFAs, total PUFAs), and lipid indexes calculated as
follows: SFA/MUFA ratio; omega-6/omega-3 ratio; PUFA balance
= [(%EPA + %DHA) / Total PUFA] x 100; Unsaturation Index (UI) =
(%MUFA x 1) + (%LA x 2) + (%DGLA x 3) + (%ARA x 4) + (%EPA x 5)
+ (%DHA x 6); Peroxidation Index (PI) = (%MUFA x 0.025) + (%LA x
1) + (%DGLA x 2) + (%ARA x 4) + (%EPA x 6) + (%DHA x 8). As previ-
ously published, the GC method can successfully separate all ten fatty
acids without overlapping other peaks, particularly the positional and
geometrical isomers of the unsaturated fatty acids [56,64].

Statistical Analysis

A statistical analysis was performed using the software GraphPad
Prism V.6.01. All data were evaluated using standard descriptive sta-
tistics and reported as the mean * SD or as median and range (mini-
mum-maximum), based on their distribution. Normality was checked
using the D’Agostino Pearson test. Variables sequentially collected
were compared using repeated measure one-way analysis of variance
or a Friedman test according to their distribution, and a post hoc test
(Holm-Sidak test or Dunn test) was performed. According to distri-
bution, the data obtained from both groups were compared using an
unpaired t-test or Mann-Whitney test. A p-value < 0.05 was consid-
ered significant.

Results

Twenty-four elderly dogs were diagnosed with CCD and enrolled
in this study between January 2019 and January 2020. In comparison,
information on the 8 healthy old dogs staged as a control group origi-
nated from a previously published paper [56,64]. Out of 24 sick dogs,
only 12 remained in the study until the end of the follow-up (T120), so
these last 12 dogs acted as the treatment group to evaluate the effect
of Neurogen Pet Ultra®. The distribution of the 32 dogs’ characteris-
tics at baseline is detailed in Table 1, Table 2, and Table 3; the three
groups are largely comparable. The dogs belonged to different breeds,
including mixed breeds, both male and female, in some cases steril-
ized, with varying body weights (range 4,2-40), but all aged over 102
months (range 102-216). The first finding of this study, which was

Copyright@ : Luana Clerico | Biomed | Sci & Tech Res | BJSTR.MS.ID.008834.

47939


https://dx.doi.org/10.26717/BJSTR.2024.56.008834

Volume 56- Issue 2

DOI: 10.26717/BJSTR.2024.56.008834

crucial for the subsequent evaluation of the nutraceutical treatment, fatty acids representative of the primary fatty acid moieties present
comes from the comparison between the erythrocyte membrane fatty  in the cell membrane (see Table 5) displayed meaningful changes in
acids of healthy aging dogs and those of aging dogs affected by CCD  CCD subjects. The distribution of modifications to the lipidomic pro-

at study entry (T0). The quantitative GC analysis of the cluster of ten file arising from the onset of CCD is reported in Table 6.

Table 1: Demographic characteristics of old dogs with canine cognitive dysfunction treated with dietary supplementation (Neurogen Pet Ul-

tra®) that completed the follow-up period.

Breed Sex Age (months) Body weight (kg)
1 Mixed Breed Fs 192 9
2 Mixed Breed Fs 144 26
3 Miniature Poodle Mc 168 11
4 Mixed Breed M 168 9,8
5 Bolognese Fs 192 42
6 Dobermann Fs 120 29
7 Mixed Breed Fs 192 15
8 Golden Retriever Fs 156 28,8
9 Labrador Mc 216 33
10 Jack Russell Terrier Mc 168 9.6
11 Dalmatian Mc 144 25
12 Golden Retriever Mc 132 31

Table 2: Demographic characteristics of old dogs with canine cognitive dysfunction treated with dietary supplementation (Neurogen Pet Ul-

tra®) that did not complete the follow-up period.

Breed Sex Age (months) Body weight (kg)
1 Labrador Retriever M 180 38
2 Breton M 204 13
3 Maltese Mc 198 5.8
4 Mixed Breed Fs 180 7,7
5 Dachshund M 156 12,4
6 Mixed Breed Mc 156 16
7 Irish Setter M 156 19
8 Dalmatian Fs 192 19,7
9 Amstaff Fs 168 20
10 Mixed Breed Fs 144 22
11 Mixed Breed Fs 180 6,4
12 Dachshund Mc 156 6,5

Table 3: Demographic characteristics of senior healthy dogs.

Breed Sex Age (months) Body weight (kg)
1 Golden Retriever M 112 25,8
2 Golden Retriever Fs 156 29
3 Mixed Breed M 110 15,85
4 Mixed Breed Fs 118 18
5 Siberian Husky F 102 24
6 Siberian Husky Fs 138 26
7 Mixed Breed 117 7
8 Labrador F 122 40
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Table 4: Composition for 1 tablet of Neurogen Pet Ultra® (1250 mg).

Components Quantity

DHA 50 mg

Choline 60 mg

Yeast (Uridine 5-monophosphate) 50 mg
Vitamin E 37,5mg

Curcuma (Curcuma Longa L.) 25 mg

Vaccinium myrtillus
Scutellaria baicalensis
12,5mg
Polygonum cuspidatum

Gynostemma pentaphyllum

Table 5: List of fatty acids selected for this research, including fatty acid families and lipid indexes.
C16:0 - Palmitic Acid
C18:0 - Stearic Acid
Saturated Fatty Acids (Total SFAs)
9¢c, C16:1 - Palmitoleic Acid
9c, C18:1 - Oleic Acid
11c, C18:1 - Vaccenic Acid
Monounsaturated Fatty Acids (Total MUFAs)
C18:2 - Linoleic Acid (LA) omega-6
C20:3 - Dihomo-gamma-linolenic Acid (DGLA) omega-6
C20:4 - Arachidonic Acid (ARA) omega-6
Omega-6 Polyunsaturated Fatty Acids (PUFA omega-6)

C20:5 - Eicosapentaenoic Acid (EPA) omega-3
C22:6 - Docosahexaenoic Acid (DHA) omega-3
Omega-3 Polyunsaturated Fatty Acids (PUFA omega-3)
Polyunsaturated Fatty Acids (Total PUFAs)
SFA/MUFA
Omega-6/omega-3
PUFA Balance
Unsaturation Index (UI)

Peroxidation Index (PI)

Note: Total saturated fatty acids (SFAs) = % C16:0 + % C18:0.

Total monounsaturated fatty acids (MUFAs) = % 9¢c, C16:1 + % 9¢c, C18:1 + % 11c, C18:1.
Polyunsaturated fatty acids (PUFAs) omega-6 = %LA + %DGLA + %ARA.

Polyunsaturated fatty acids (PUFAs) omega-3 = %EPA + %DHA.

Total PUFAs = %LA + %DGLA + %ARA + %EPA + %DHA.

SFA/MUFA = (% C16:0 + % C18:0) / (% C16:1 + % 9c, C18:1 + % 11c, C18:1).
Omega-6/omega-3 ratio = (% LA + %DGLA + %ARA) / (%EPA + %DHA).

PUFA balance = [(%EPA + %DHA) / Total PUFA] x 100.

Ul = (%MUFA x 1) + (%LA x 2) + (%DGLA % 3) + (% ARA x 4) + (%EPA x 5) + (%DHA x 6).

PI = (%MUFA x 0.025) + (%LA x 1) + (%DGLA x 2) + (%ARA x 4) + (%EPA x 6) + (%DHA x 8).
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Table 6: Mean values of the ten fatty acids derived from the erythrocyte membrane glycerophospholipids of the 8 healthy dogs, and all the 24

dogs affected by canine cognitive dysfunction at Time Zero.

Healty dogs (8) Dogs with CCD (24)
Mean* SD Mean* SD p value
Palmitic Acid 15,85 4,39 16.64 2,084 0,14
Stearic Acid 20,74 3,029 26,63 3,116 0,0001
Total SFAs 36,59 6,841 43,27 3,595 0,0011
Palmitoleic Acid 0,3091 0,09324 0,7285 0,835 0,5

Oleic Acid 8,824 1,208 9,697 1,629 0,132

Vaccenic Acid 2,172 0,3417 2,625 1,132 0,17
Total MUFAs 11,31 1,215 13,05 2,127 0,0194
LA 14,72 2,3 12,5 3,222 0,119
DGLA 1,219 0,3038 1,613 0,6593 0,076
ARA 34,07 6,277 26,71 3,846 0,0011
PUFAs omega-6 50,01 7,942 40,82 4,565 0,0006
EPA 0,9318 0,4435 1,318 0,7886 0,199
DHA 1,157 0,8301 1,535 0,7741 0,184
PUFAs omega-3 2,088 1,255 2,852 1,411 0,184
Total PUFAs 52,1 7,788 43,68 5,021 0,0009
SFA/MUFA 3,229 0,3943 3,379 0,5032 0,586
omega-6/omega-3 32 17,55 21,11 17,71 0,101
PUFA Balance 4,129 2,468 6,429 3,084 0,101
Ul 192,3 26,8 165,5 17,69 0,0016
PI 168,6 26,32 143,1 20,31 0,0019

Note: *Values are expressed as pg/mL.

SD = standard deviation.

Specifically, CCD dogs showed a statistically significant increase
of stearic acid (p = 0.0001) and total SFAs (p = 0.0011); an increase of
total MUFAs (p = 0.0194); a significant decrease of ARA (p = 0.0011),
PUFAs omega-6 (p = 0.0006) and total PUFAs (p = 0.0009); a sig-
nificant decrease of unsaturation (p = 0.0016) and peroxidation (p
= 0.0019) index value (UI and PJ, respectively). On the other hand,
there were no differences between healthy and CCD dogs regarding
the levels of palmitic acid, palmitoleic acid, oleic acid, vaccenic acid,
LA, DGLA, EPA and DHA, PUFA omega-3, SFA/MUFA ratio, omega-6/

omega-3 ratio, and PUFA balance. Among the 24 CCD dogs, only 12
subjects have gone through the whole follow-up period till day 120
(T120). However, the fatty acid levels at time zero (TO0) of this limited
cohort of dogs show the same values and the same significant differ-
ences compared to healthy dogs (see Table 7), except for DGLA, whose
increment reaches the significant level only in the smaller group of
dogs that completed the study. Therefore, any DGLA modification af-
ter the nutraceutical treatment was not considered valid.

Table 7: Mean values of the ten fatty acids derived from the erythrocyte membrane glycerophospholipids of the 8 healthy dogs, and the 12 dogs

with canine cognitive dysfunction that completed the study at Time Zero.

8 healthy dogs 12 CCD dogs at T0
Mean* SD Mean* SD p value
Palmitic Acid 15,85 4,39 16,48 1,752 0,33
Stearic Acid 20,74 3,029 27,34 3,364 0,0005
Total SFAs 36,59 6,841 43,81 3,344 0,0028
Palmitoleic Acid 0,3091 0,09324 0,8868 0,9081 0,6
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Oleic Acid 8,824 1,208 8,994 1,709 0,5
Vaccenic Acid 2,172 0,3417 2,35 0,4444 0,33
Total MUFAs 11,31 1,215 12,23 1,815 0,005

LA 14,72 2,3 12,13 3,559 0,12
DGLA 1,219 0,3038 1,728 0,5902 0,02
ARA 34,07 6,277 27,27 3,698 0,005
PUFAs omega-6 50,01 7,942 41,13 4,471 0,0027
EPA 0,9318 0,4435 1,212 0,7307 0,199
DHA 1,157 0,8301 1,613 0,6118 0,13
PUFAs omega-3 2,088 1,255 2,826 1,19 0,15
Total PUFAs 52,1 7,788 43,96 4,468 0,0028
SFA/MUFA 3,229 0,3943 3,641 0,5168 0,23
omega-6/omega-3 32 17,55 17,83 9,46 0,11
PUFA Balance 4,129 2,468 6,436 2,801 0,11
Ul 192,3 26,8 166,5 13,3 0,002
PI 168,6 26,32 145,2 14,46 0,002

Note: *Values are expressed as pg/mL.

SD = standard deviation.

The second finding that fulfills this study’s main purpose relates
to assessing the effect of Neurogen Pet Ultra® in aging dogs affected
by CCD. The beneficial effect of the dietary supplementation has been
validated using a statistical comparison between the levels of fatty ac-
ids under investigation (expressed as ug/mL) in the treatment group
at the end of the study period (T 120) and the levels of fatty acids in
the control group. Upon completion of the follow-up period (60 days
of dietary supplementation plus a further 60 days of observation), the

12 experimental CCD dogs expressed overlapping lipidomic profiles
with that of the 8 healthy dogs, as described in Table 8. The unbal-
ance in the fatty acids content following CCD development seems to
normalize because of the supplementation with Neurogen Pet Ultra®.
Out of 8 parameters that were significantly changed in the treatment
group compared to the control group at TO, 7 are within the “normal”
range at T120: stearic acid, total SFAs, ARA, PUFAs omega-6, total PU-
FAs, Ul, and PI.

Table 8: Mean values of the ten fatty acids derived from the erythrocyte membrane glycerophospholipids of the 8 healthy dogs and the 12

dogs with canine cognitive dysfunction that completed the study at Time 120.

8 healthy dogs 12 CCD dogs at T120

Mean* SD Mean* SD p value

Palmitic Acid 15,85 4,39 15,54 1,795 0,5526

Stearic Acid 20,74 3,029 22,38 3,469 0,2965

Total SFAs 36,59 6,841 37,92 4,132 0,3328

Palmitoleic Acid 0,3091 0,09324 0,3269 0,2745 0,6716
Oleic Acid 8,824 1,208 10,98 2,294 0,02
Vaccenic Acid 2,172 0,3417 2,345 0,5882 0,88
Total MUFAs 11,31 1,215 13,65 2,685 0,02
LA 14,72 2,3 14,19 2,889 0,566
DGLA 1,219 0,3038 1,392 0,6605 0,503

ARA 34,07 6,277 31,26 3,7 0,1568
PUFAs omega-6 50,01 7,942 46,84 5,29 0,115
EPA 0,9318 0,4435 0,7397 0,5961 0,303

DHA 1,157 0,8301 0,851 0,5407 0,5165
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PUFAs omega-3 2,088 1,255 1,591 1,017 0,423
Total PUFAs 52,1 7,788 48,43 5,706 0,134
SFA/MUFA 3,229 0,3943 2,85 0,4844 0,115

omega-6/omega-3 32 17,55 51,97 52,19 0,457
PUFA Balance 4,129 2,468 3,208 1,939 0,469
Ul 192,3 26,8 180 17,9 0,082

PI 168,6 26,32 153,6 19,02 0,082

Note: *Values are expressed as pg/mL.
SD= standard deviation.

Total MUFA values represent the unique parameter that did not
restore to normal at the end of the study. At the same time, oleic acid
increase (p = 0.02) is the only discrepancy induced by the nutraceu-
tical supplementation at 120 days. The final statistical analysis con-
cerns the comparison of amounts of the ten fatty acids (including
fatty acid families and lipid indexes) within the treatment group at
TO, T60, and T120. Provided that the occurrence of CCD implies a re-
markable disparity of the erythrocyte membrane lipidome in aging
dogs, noticeable modifications of this imbalance were observed after

Neurogen Pet Ultra® supplementation (see Table 9). Indeed, stearic
acid decreased significantly at T 120 (p = 0,0087) as well as for total
SFAs (p = 0,052), even though this parameter featured a significant
decrease already at T60; DHA and PUFA omega-3 values were both
declined after the whole follow-up period (p = 0,0038 and p = 0,0278,
respectively); SFA/MUFA ratio decreased significantly (p = 0,0023) as
well as for PUFA balance values (p = 0,0087) at T120, while omega-6/
omega-3 ratio underwent a substantial increase (p = 0,0087) at the
end of the study.

Table 9: Changes in fatty acid values of the treatment group resulting from Neurogen Pet Ultra® dietary supplementation at day 0, 60, and

120.
Time 0 Time 60 Time 120
Mean* SD Mean* SD Mean* SD p value
Palmitic Acid 16,48 1,752 15,86 1,619 15,54 1,795 0,1738
Stearic Acid 27,34 3,364 25,41 4,326 22,38 3,469 0,0087
Total SFAs 43,81 3,344 41,27 5,075 37,92 4,132 0,0052
Palmitoleic Acid 0,8868 0,9081 0,3265 0,1912 0,3269 0,2745 0,0755
Oleic Acid 8,994 1,709 11,46 2,661 10,98 2,294 0,097
Vaccenic Acid 2,35 04444 2,445 0,3328 2,345 0,5882 0,558
Total MUFAs 12,23 1,815 14,23 2,561 13,65 2,685 04724
LA 12,13 3,559 12,53 2,042 14,19 2,889 0,2053
DGLA 1,728 0,5902 1,496 0,592 1,392 0,6605 0,2636
ARA 27,27 3,698 28,45 3,74 31,26 3,7 0,0755
PUFAs omega-6 41,13 4,471 42,48 4,968 46,84 5,29 0,0755
EPA 1,212 0,7307 0,818 0,7671 0,7397 0,5961 0,097
DHA 1,613 0,6118 1,199 0,6558 0,851 0,5407 0,0038
PUFAs omega-3 2,826 1,19 2,017 1,282 1,591 1,017 0,0278
Total PUFAs 43,96 4,468 44,5 5,754 48,43 5,706 0,1245
SFA/MUFA 3,641 0,5168 2,968 0,5237 2,85 0,4844 0,0023
omega-6/omega-3 17,83 9,46 29,79 20,63 51,97 52,19 0,0087
PUFA Balance 6,436 2,801 4,368 2,314 3,208 1,939 0,0087
Ul 166,5 13,3 168,9 20,23 180 17,9 0,2636
PI 145,2 14,46 144,2 21,18 153,6 19,02 04724
Note: *Values are expressed as pg/mL.
SD = standard deviation.
Copyright@ : Luana Clerico | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008834. 47944


https://dx.doi.org/10.26717/BJSTR.2024.56.008834

Volume 56- Issue 2

DOI: 10.26717/BJSTR.2024.56.008834

Discussion

Canine cognitive dysfunction is one of the most common neuro-
degenerative conditions affecting senior dogs [3,23]. With aging dog
populations, the prevalence of CCD is increasing [5,65]. However, the
pathogenesis of this debilitating illness is still not fully understood,
and a multifactorial origin is postulated [9,23,66]. The incidence of
CCD does not differ between breeds, nor are there specific differences
in clinical signs comparing various breeds [17], so it remains a fact
that aging is the most significant risk factor for canine neurodegener-
ation [4,7]. Although investigators studied many therapies, there are
currently no effective pharmaceutical cures for CCD, and the treat-
ment options available are very few, most of them carriers of possible
adverse events [67]. As with most canine health and behavior disor-
ders, CCD can be most successfully managed when identified as soon
as a dog reaches the clinical threshold for the disease. Therefore, it
is imperative to rely on early recognition and intervention [67]. In
addition, the treatment of cognitive impairment needs a multimodal
approach that includes drugs, balanced diets, supplementations, and
environmental and behavioral modification, and it should focus on
prevention, maintaining brain health, slowing down cognitive decline,
and improving clinical signs [3,67-70]. There is increasing evidence
that nutraceutical remedies act similarly to medicines with fewer side
effects, which is why nutraceuticals became complementary to drugs,
often reducing the dosage of conventional medication or extending
its effectiveness [46,71,72]. Not surprisingly, various investigations
into nutraceuticals aimed to ameliorate canine cognitive decline have
been disclosed in recent years [73-76].

Neurogen Pet Ultra® is a unique nutraceutical product formulat-
ed with active ingredients selected on the basis of clinical evidence.
It provides geriatric dogs with choline, uridine, and DHA, nutritional
precursors needed for synthesizing PC that is essential for membrane
phospholipids and for the growth of dendritic processes [32,34-38].
Omega-3 fatty acids supplementation improves membrane physiol-
ogy and clear improvements in neuronal membrane permeability
[76,77]. This product encloses polyphenols and Vitamin E, an anti-
oxidant mix that can hinder the degenerative action of free radicals
and counteract oxidative stress by slowing cellular aging [68,78,79].
Neurogen Pet Ultra® also provides animals with curcumin that sharp-
ly contrasts neuroinflammation, thus delaying neuronal degeneration
[52], and supportive herbal extracts [74].

To evaluate the efficacy of a treatment, investigators routinely
rely on validated questionnaires such as CADES (CAnine DEmentia
Scale) [14]. These screening tools are a scale rating that monitors the
clinical course of the symptomatology during the follow-up period.
Limitations to these methods are attributed mainly to pet owners’
perceptions that cannot be unbiased due to their emotional solid in-
volvement; for example, it is common for owners to underestimate
their pet’s body condition score and many other clinical or behavioral
signs. Several authors have already evaluated using the CADES ques-

tionnaire combined with novel biomarkers to predict CCD more read-
ily in elderly dogs [80-82]. Furthermore, recent studies developed
and validated a new methodology to support the rapid diagnosis of
disease and to objectively assess treatments’ effect in sick dogs using
as a benchmark the lipidomic RBC membrane profile of healthy dogs
[56,64].

The present study assessed the benefits of Neurogen Pet Ultra®
daily administration in elderly dogs with cognitive dysfunction using
quantitative analysis of the cluster of fatty acids previously studied
by Prasinou and other authors in a subgroup of healthy aging dogs
[56]. The first important outcome of this prospective observational
study regards the marked changes in the lipidomic profile observed
when comparing senior healthy and CCD dogs. In animal models and
humans, increased or decreased fatty acid levels are linked to various
diseases [64,83,84]. Changes in lipid composition in the case of human
AD have already been published [85]. Nevertheless, this cutting-edge
evidence is relevant since it comes specifically from research on dogs
with cognitive dysfunction. Interestingly, although aging is associat-
ed with significant changes in human lipid content [85], the previous
analysis on the RBC membrane lipidome of 68 healthy dogs did not
show relevant correlations between fatty acid values and age. In fact,
the only significant correlation was found with EPA [56]. On the con-
trary, the development of CCD in this experimental cohort generated
significant changes in the abundance of 8 lipid parameters out of 20
analyzed. The overall fatty acid distribution reported in Table 6 points
out that the healthy senior dog erythrocyte membrane lipidome is
made up almost exclusively of PUFA omega-6 and total SFAs (about
90% of the total RBC fatty acids) followed by total MUFAs, similar to
what occurs in other mammalian species [86]. Instead, omega-3 fatty
acids account for a minimal concentration, underlining the difference
with human lipidome [60,63,86].

Canine cognitive dysfunction promoted a marked and significant
increase in SFAs (from 36,59 pg/mL to 43,27 pg/mL; p = 0,0011),
mainly driven by stearic acid (p = 0,0001). In humans, SFAs can be
regarded as the most harmful type of fatty acids because they can
induce the development of atherosclerosis through lipid mediators.
High levels of SFAs might be a trigger for insulin resistance and in-
flammation [87]. Moreover, patients affected by different diseases
show a significantly higher proportion of SFAs, being these fatty ac-
ids capable of promoting inflammatory signaling by stimulating TLR2
and TLR4 (Toll-like receptors 2 and 4) [88]. Therefore, it can be as-
sumed that an increased concentration of saturated acids in aging
dogs is proof of pathological cognitive dysfunction; however, it is also
a driving factor for the occurrence of this disease that should be coun-
teracted, possibly with dietary supplementation.

The MUFA pathways, along with SFA and PUFA ones, participate
in the specific fatty acid distribution of healthy dog erythrocyte mem-
branes, so it is essential to underline that total MUFAs increased in the
RBC membrane of the experimental cohort of CCD dogs (from 11,31
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pg/mL to 13,05 pg/mL; p = 0.0194), contributing to the unbalance of
fatty acids content. Increased stearic acid levels probably promoted
a growth in the monounsaturated acid levels. Polyunsaturated fatty
acids represent the other great family of fatty acids fundamental to
membrane homeostasis. Omega-3 and omega-6 PUFAs are essential
fatty acids for eukaryotic cells, so they are taken from the diet and
then enzymatically processed to provide long-chain PUFAs. Feeding
dogs with enough omega-6 fatty acids is essential to maintain a good
health status. In particular, linoleic acid is necessary to ensure its met-
abolic transformations to DGLA and arachidonic acid, predominant in
dogs, because they are leading structural and functional components
of cell membranes [56]. On that basis, it is worthwhile to highlight
that CCD dogs here experienced a remarkable reduction in total PUFA
content with respect to healthy senior dogs (p = 0,0009), with a high-
ly significant alteration also for omega-6 fatty acids that decreased
from a mean value of 50,01 pg/mL to 40,82 pg/mL (p = 0,0006). The
evidence that cognitive dysfunction promotes an alteration of the
lipidomic profile in aging dogs may relate to the marked decrease of
arachidonic acid that drops from 34,07 pg/mL to 26,71 ug/mL (p =
0,0011) even if the mean values of linolenic acid, its precursor, did
not significantly change between healthy and CCD dogs. The partial
inhibition of this metabolic step that leads to ARA synthesis could
indicate a condition of unbalance of the membrane lipids caused by
canine cognitive dysfunction.

In this observational study, CCD was even accompanied by a sig-
nificant decrease in both unsaturation and peroxidation indexes (p
=0,0016; p = 0,0019, respectively). These parameters have already
been used for objectively evaluating the homeostasis of membranes
in terms of fluidity and oxidative damage [89]. Lipid rafts from the
frontal cortex of early AD patients exhibit unusually low unsaturation
and peroxidation indexes compared to healthy controls [90]. By set-
ting the two indexes as parameters that mirror an optimal environ-
ment for maintaining membrane functions in veterinary medicine, it
seems clear that perturbations in the mean values of these indexes
indicate a membrane alteration triggered by the disease. Proceeding
with the discussion of the results, Table 8 shows the central node of
this research, namely the actual clinical effect of Neurogen Pet Ultra®
dietary supplementation in CCD aging dogs measured through quan-
titative analysis of erythrocyte membrane fatty acids. The efficacy of
this formulation mirrors the “normalization” of almost all the param-
eters following the period of treatment with the nutraceutical prod-
uct.

By comparing the fatty acids content between the 8 healthy dogs
of the control group and the 12 CCD dogs who achieved the last day of
the follow-up period, it was gratifying to see that all SFAs and PUFAs,
whether they were checked individually or per family, did not differ
in quantitative terms. The unique parameter that remained modi-
fied after the treatment was related to the MUFA family (p = 0,02).
However, since PUFAs and SFAs are the fatty acid families that mainly
contribute to the formation of RBC membranes, it is possible to claim
that Neurogen Pet Ultra® is capable of supporting the resetting of the

appropriate distribution of fatty acids in the erythrocyte membrane,
thus ameliorating its structure and functions. The mean values relat-
ed to two ratios between the families (SFA/MUFA; omega-6/omega-3)
and three indexes (UI; PI; PUFA balance) of the experimental cohort
after the treatment period also resulted within the ranges expressed
by healthy subjects.

Even the length of the follow-up period is worthy of note: the dogs
that completed the study were treated with nutraceutical supplemen-
tation for 60 consecutive days; after that, they were observed for an
additional 60 days before performing the final molecular-based test-
ing. This protocol was designed precisely for estimating any improve-
ment even after discontinued treatment, thus measuring its benefits
over time. Finally, the ability of Neurogen Pet Ultra® to remodel the
RBC membrane has been further corroborated by a separate analysis
within the treatment group. The fatty acid proportion was evaluated
and compared at study entry, after two months, and at the end of the
study. Bearing in mind that the starting point was a situation where
CCD dogs displayed a fatty acid biodistribution out of balance, the lip-
idome profile underwent adjustments after 60 days of nutraceutical
administration, followed by two additional months of observation.
The significant decrease of stearic acid and total SFAs (p = 0,0087 and
p = 0,0052, respectively) is desirable given that this fatty acid family
is more damaging to the central nervous system. In addition, it should
be noted that the reduced amount of SFA family was already signifi-
cant at day 60.

The last point that requires careful consideration is the change
in PUFA omega-3 content. Both DHA and omega-3 family decreased
noticeably after dietary supplementation (p = 0,0038 and p = 0,184)
despite DHA being integrated. Because of the previous omega-6 re-
duction triggered by cognitive dysfunction, it can be argued that this
omega-3 fatty acid rearrangement is beneficial. Since dogs’ omega-6/
omega-3 ratio is incredibly high and crucial for maintaining specif-
ic metabolic effects, this ratio can be restored even through omega-3
lowering. It certainly needs to be emphasized that the SFA/MUFA ra-
tio and PUFA balance went to substantial changes (p values = 0,0023;
0,0087); therefore, these modified lipid indexes stand for an active
remodeling process of the RBC membrane structure induced by Neu-
rogen Pet Ultra® intake. We are conscious that this study has some
limitations since it has been conducted on a restricted number of pa-
tients, while information on the control group was gathered previous-
ly. Despite the modern molecular-based methodology proposed, we
also acknowledge that a traditional clinical evaluation of the nutra-
ceutical effects is needed to reinforce the results.

The outcomes herein reported fully meet the primary endpoint by
providing unbiased evidence of Neurogen Pet Ultra® benefits in the
case of CCD. Nevertheless, the implications the study offers in terms
of new scientific knowledge are much broader, as we were able to de-
liver more profound insights into the mechanism of CCD occurrence.
Our findings validate the use of membrane lipidome analysis for an
early, fast, and accurate diagnosis of canine cognitive dysfunction, in
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addition to a reliable method for monitoring different therapies. We
advocate setting up further studies with this scientific approach to
thoroughly investigate any added advantage of dietary supplementa-
tion with Neurogen Pet Ultra® in preventing and treating canine neu-
rodegeneration.

Conclusion

The present study objectively discloses the effect of Neurogen
Pet Ultra® dietary supplementation in aging dogs affected by canine
cognitive dysfunction. One of the strengths of this research is the mo-
lecular-based approach performed to demonstrate the nutraceutical
effect. Using a tested protocol, the authors examined and quantified a
cluster of ten fatty acids in the erythrocyte membrane of a cohort of
diseased dogs, being erythrocyte fatty acids composition informative
of the brain tissue. The outcomes displayed that Neurogen Pet Ultra®
supplementation can significantly adjust the fatty acid alterations
caused by cognitive dysfunction in senior dogs, thus supporting the
remodeling of the cell membrane structure. Resetting the levels of
most lipid components is fundamental to maintaining the functional
properties of cell membranes, essential for canine health.

Acknowledgment

The authors thank Giuseppe Pappini and Carlo Maria Colombo for
NBF Lanes financial support.

Conflicts of Interest

Two co-authors of the present study, Prof. Alessandro Gramenzi
and Dr. Giulia Pignataro, are NBF consultants.

Funding

This research was funded by the NBF Lanes Srl, Corso di Porta
Vittoria 14, 20122 Milano.

References

1. Bosch MN, Pugliese M, Gimeno-Bayoén ], Rodriguez M], Mahy N (2012)
Dogs with cognitive dysfunction syndrome: a natural model of Alzhei-
mer’s disease. Curr Alzheimer Res 9(3): 298-314.

2. Szabd D, Gee NR, Miklési A (2016) Natural or pathologic? Discrepancies
in the study of behavioral and cognitive signs in aging family dogs. ] Vet
Behav 11: 86-98.

3. Dewey CW, Davies ES, Xie H, Wakshlag ]J] (2019) Canine Cognitive Dys-
function: Pathophysiology, Diagnosis, and Treatment. Vet Clin North Am
Small Anim Pract 49(3): 477-499.

4. Bennett S (2012) Cognitive dysfunction in dogs: pathologic neurodegen-
eration or just growing older?. Vet ] 194: 141-142.

5. (2017) American Veterinary Medical Association. AVMA Pet Ownership
and Demographics Sourcebook. Schaumburg: American Veterinary Medi-
cal Association, Veterinary Economics Division, p. 48.

6. Vite CH, Head E (2014) Aging in the canine and feline brain. Vet Clin
North Am Small Anim Pract 44(6): 1113-1129.

7.  MacQuiddy B, Moreno JA, Kusick B, McGrath S (2022) Assessment of risk

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

factors in dogs with presumptive advanced canine cognitive dysfunction.
Front Vet Sci 9: 958488.

Landsberg GM, Nichol ], Araujo JA (2012) Cognitive dysfunction syn-
drome: a disease of canine and feline brain aging. Vet Clin North Am
Small Anim Pract 42(4): 749-768.

Rofina JE, van Ederen AM, Touissaint MJ, Secréve M, van der Spek A, et
al. (2006) Cognitive disturbances in old dogs suffering from the canine
counterpart of Alzheimer’s disease. Brain Res 1069(1): 216-226.

Landsberg GM, Malamed R (2017) Clinical picture of canine and feline
cognitive impairment. In: Landsberg GM, Mad’ari A, Zilka M (Eds.).,.
Canine and Feline Dementia: Molecular Basis, Diagnostics and Therapy,
p-1-12.

Rosado B, Gonzalez Martinez A, Pesini P, Garcia Belenguer S, Palacio ],
etal. (2012) Effect of age and severity of cognitive dysfunction on sponta-
neous activity in pet dogs - part 1: locomotor and exploratory behaviour.
Vet ] 194: 189-195.

Ozawa M, Chambers JK, Uchida K, Nakayama H (2016) The relation
between canine cognitive dysfunction and age-related brain lesions. ] Vet
Med Sci 78: 997-1006.

Hasegawa D, Yayoshi N, Fujita Y, Fujita M, Orima H (2005) Measurement
of interthalamic adhesion thickness as a criteria for brain atrophy in dogs
with and without cognitive dysfunction (dementia). Vet Radiol Ultra-
sound 46(6): 452-457.

Madari A, Farbakova ], Katina S, Smolek T, Novak P, et al. (2015) As-
sessment of severity and progression of canine cognitive dysfunction
syndrome using the CAnine DEmentia Scale (CADES). Appl Anim Behav
Sci 171(2): 138-145.

Salvin HE, McGreevy PD, Sachdev PS, Valenzuela MJ (2011) The canine
cognitive dysfunction rating scale (CCDR): a data-driven and ecologically
relevant assessment tool. Vet ] 188(3): 331-336.

Palestrini C, Mazzola S, Cannas S (2019) Cognitive dysfunction syndrome
in senior pets. Veterinaria 33: 191-199.

Salvin HE, McGreevy PD, Sachdev PS, Valenzuela MJ (2010) Under diag-
nosis of canine cognitive dysfunction: A cross- sectional survey of older
companion dogs. Vet ] 184(3): 277-281.

Osella MC, Re G, Odore R, Girardi C, Badino P, et al. (2007) Canine cogni-
tive dysfunction syndrome: Prevalence, clinical signs and treatment with
a neuroprotective nutraceutical. Appl Anim Behav Sci 105(4): 297-310.

Head E (2013) A canine model of human aging and Alzheimer’s disease.
Biochim Biophys Acta 1832(9): 1384-1389.

Bray EE, Raichlen DA, Forsyth KK, Promislow DEL, Alexander GE, et al.
(2023) Dog Aging Project Consortium. Associations between physical
activity and cognitive dysfunction in older companion dogs: results from
the Dog Aging Project. Geroscience 45(2): 645-661.

Schiitt T, Helboe L, Pedersen L@, Waldemar G, Berendt M, et al. (2016)
Dogs with cognitive dysfunction as a spontaneous model for early Alzhei-
mer’s disease: a translational study of neuropathological and inflamma-
tory markers. ] Alzheimers Dis 52(2): 433-449.

Urfer SR, Darvas M, Czeibert K, Sandor S, Promislow DEL, et al. (2021)
Canine cognitive dysfunction (CCD) scores correlate with amyloid beta
42 levels in dog brain tissue. Geroscience 43(5): 2379-2386.

Prpar Mihevc S, Majdic G (2019) Canine Cognitive Dysfunction and
Alzheimer’s Disease - Two Facets of the Same Disease?. Front Neurosci
13: 604-611.

Rusbridge C, Salguero FJ, David MA, Faller KME, Bras JT, et al. (2018) An
aged canid with behavioral deficits exhibits blood and cerebrospinal fluid
amyloid beta oligomers. Front Aging Neurosci 10: 7-18.

Copyright@ : Luana Clerico | Biomed | Sci & Tech Res | BJSTR.MS.ID.008834.

47947


https://dx.doi.org/10.26717/BJSTR.2024.56.008834
https://pubmed.ncbi.nlm.nih.gov/21875411/
https://pubmed.ncbi.nlm.nih.gov/21875411/
https://pubmed.ncbi.nlm.nih.gov/21875411/
https://www.researchgate.net/publication/282074047_Natural_or_pathologic_Discrepancies_in_the_study_of_behavioral_and_cognitive_signs_in_aging_family_dogs
https://www.researchgate.net/publication/282074047_Natural_or_pathologic_Discrepancies_in_the_study_of_behavioral_and_cognitive_signs_in_aging_family_dogs
https://www.researchgate.net/publication/282074047_Natural_or_pathologic_Discrepancies_in_the_study_of_behavioral_and_cognitive_signs_in_aging_family_dogs
https://pubmed.ncbi.nlm.nih.gov/30846383/
https://pubmed.ncbi.nlm.nih.gov/30846383/
https://pubmed.ncbi.nlm.nih.gov/30846383/
https://pubmed.ncbi.nlm.nih.gov/22749118/
https://pubmed.ncbi.nlm.nih.gov/22749118/
https://pubmed.ncbi.nlm.nih.gov/25441628/
https://pubmed.ncbi.nlm.nih.gov/25441628/
https://pubmed.ncbi.nlm.nih.gov/36330158/
https://pubmed.ncbi.nlm.nih.gov/36330158/
https://pubmed.ncbi.nlm.nih.gov/36330158/
https://pubmed.ncbi.nlm.nih.gov/22720812/
https://pubmed.ncbi.nlm.nih.gov/22720812/
https://pubmed.ncbi.nlm.nih.gov/22720812/
https://pubmed.ncbi.nlm.nih.gov/16423332/
https://pubmed.ncbi.nlm.nih.gov/16423332/
https://pubmed.ncbi.nlm.nih.gov/16423332/
https://www.researchgate.net/publication/319933826_Clinical_Picture_of_Canine_and_Feline_Cognitive_Impairment
https://www.researchgate.net/publication/319933826_Clinical_Picture_of_Canine_and_Feline_Cognitive_Impairment
https://www.researchgate.net/publication/319933826_Clinical_Picture_of_Canine_and_Feline_Cognitive_Impairment
https://www.researchgate.net/publication/319933826_Clinical_Picture_of_Canine_and_Feline_Cognitive_Impairment
https://pubmed.ncbi.nlm.nih.gov/22591786/
https://pubmed.ncbi.nlm.nih.gov/22591786/
https://pubmed.ncbi.nlm.nih.gov/22591786/
https://pubmed.ncbi.nlm.nih.gov/22591786/
https://pubmed.ncbi.nlm.nih.gov/26922972/
https://pubmed.ncbi.nlm.nih.gov/26922972/
https://pubmed.ncbi.nlm.nih.gov/26922972/
https://pubmed.ncbi.nlm.nih.gov/16396259/
https://pubmed.ncbi.nlm.nih.gov/16396259/
https://pubmed.ncbi.nlm.nih.gov/16396259/
https://pubmed.ncbi.nlm.nih.gov/16396259/
https://www.researchgate.net/publication/283086169_Assessment_of_severity_and_progression_of_canine_cognitive_dysfunction_syndrome_using_the_CAnine_DEmentia_Scale_CADES
https://www.researchgate.net/publication/283086169_Assessment_of_severity_and_progression_of_canine_cognitive_dysfunction_syndrome_using_the_CAnine_DEmentia_Scale_CADES
https://www.researchgate.net/publication/283086169_Assessment_of_severity_and_progression_of_canine_cognitive_dysfunction_syndrome_using_the_CAnine_DEmentia_Scale_CADES
https://www.researchgate.net/publication/283086169_Assessment_of_severity_and_progression_of_canine_cognitive_dysfunction_syndrome_using_the_CAnine_DEmentia_Scale_CADES
https://pubmed.ncbi.nlm.nih.gov/20542455/
https://pubmed.ncbi.nlm.nih.gov/20542455/
https://pubmed.ncbi.nlm.nih.gov/20542455/
https://pubmed.ncbi.nlm.nih.gov/20005753/
https://pubmed.ncbi.nlm.nih.gov/20005753/
https://pubmed.ncbi.nlm.nih.gov/20005753/
https://www.researchgate.net/publication/240398369_Canine_cognitive_dysfunction_syndrome_Prevalence_clinical_signs_and_treatment_with_a_neuroprotective_nutraceutical
https://www.researchgate.net/publication/240398369_Canine_cognitive_dysfunction_syndrome_Prevalence_clinical_signs_and_treatment_with_a_neuroprotective_nutraceutical
https://www.researchgate.net/publication/240398369_Canine_cognitive_dysfunction_syndrome_Prevalence_clinical_signs_and_treatment_with_a_neuroprotective_nutraceutical
https://pubmed.ncbi.nlm.nih.gov/23528711/
https://pubmed.ncbi.nlm.nih.gov/23528711/
https://pubmed.ncbi.nlm.nih.gov/36129565/
https://pubmed.ncbi.nlm.nih.gov/36129565/
https://pubmed.ncbi.nlm.nih.gov/36129565/
https://pubmed.ncbi.nlm.nih.gov/36129565/
https://pubmed.ncbi.nlm.nih.gov/27003213/
https://pubmed.ncbi.nlm.nih.gov/27003213/
https://pubmed.ncbi.nlm.nih.gov/27003213/
https://pubmed.ncbi.nlm.nih.gov/27003213/
https://pubmed.ncbi.nlm.nih.gov/34417706/
https://pubmed.ncbi.nlm.nih.gov/34417706/
https://pubmed.ncbi.nlm.nih.gov/34417706/
https://pubmed.ncbi.nlm.nih.gov/31249505/
https://pubmed.ncbi.nlm.nih.gov/31249505/
https://pubmed.ncbi.nlm.nih.gov/31249505/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797595/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797595/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797595/

Volume 56- Issue 2

DOI: 10.26717/BJSTR.2024.56.008834

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Cummings BJ, Head E, Ruehl W, Milgram NW, Cotman CW (1996a) The
canine as an animal model of human aging and dementia. Neurobiol
Aging 17(2): 259-268.

Cummings BJ, Head E, Afagh AJ, Milgram NW, Cotman CW (1996b)
-amyloid accumulation correlates with cognitive dysfunction in the aged
canine. Neurobiol Learn Mem 66(1): 11-23.

Chapagain D, Range F, Huber L, Viranyi Z (2018) Cognitive aging in dogs.
Gerontology 64(2): 165-171.

Selkoe DJ, Bell DS, Podlisny MB, Price DL, Cork LC (1987) Conservation of
brain amyloid proteins in aged mammals and humans with Alzheimer’s
disease. Science 235(4791): 873-877.

Johnstone EM, Chaney MO, Norris FH, Pascual R, Little SP (1991) Conser-
vation of the sequence of the Alzheimer’s disease amyloid peptide in dog,
polar bear and five other mammals by cross-species polymerase chain
reaction analysis. Brain Res Mol Brain Res 10(4): 299-305.

Smolek T, Madari A, Farbakova |, Kandrac O, Jadhav S, et al. (2016) Tau
hyperphosphorylation in synaptosomes and neuroinflammation are
associated with canine cognitive impairment: synaptic tau in canine
dementia. ] Comp Neurol 524(4): 874-895.

Colle MA, Hauw J], Crespeau F, Ulchihara T, Akiyama H, et al. (2000)
Vascular and parenchymal Abeta deposition in the aging dog: correlation
with behavior. Neurobiol Aging 21(5): 695-704.

Soderberg M, Edlund C, Kristensson K, Dallner G (1991) Fatty acid
composition of brain phospholipids in aging and in Alzheimer’s disease.
Lipids 26(6): 421-425.

Czech C, Berndt P, Busch K, Schmitz O, Wiemer ], et al. (2012) Metabo-
lite profiling of Alzheimer’s disease cerebrospinal fluid. Plos One 7(2):
e31501.

Lin PY, Chiu CC, Huang SY, Su KP (2012) A meta-analytic review of poly-
unsaturated fatty acid compositions in dementia. J Clin Psychiatry 73(9):
1245-1254.

Sastry PS (1985) Lipids of nervous tissue: composition and metabolism.
Prog Lipid Res 24(2): 69-176.

Prasad MR, Lovell MA, Yatin M, Dhillon H, Markesbery WR (1998)
Regional membrane phospholipids alterations in Alzheimer’s disease.
Neurchem Res 23(1): 81-88.

Cansev M, Watkins CJ, van der Beek EM, Wurtman R] (2005) Oral
uridine-5" monophosphate (UMP) increases brain CDP-choline levels in
gerbils. Brain Res 1058(1-2): 101-108.

Wurtman R], Ulus IH, Cansev M, Watkins CJ, Wang L, et al. (2006) Synap-
tic proteins and phospholipids are increased in gerbil brain by admin-
istering uridine plus docosahexaenoic acid orally. Brain Res 1088(1):
83-92.

Scheltens P, Verhey PR], olde-Rekkert MGM, Wurtman R], Wilkinson D,
etal. (2010) Efficacy of a medical food in mild Alzheimer’s disease: A
randomized control trial. Alzheimer’s and Dementia. Alzheimers Dement
6(1): 1-10.

Scheltens P, Twisk ], Blesa R, Scarpini E, von Armin C, et al. (2012) Effica-
cy of Souvenaid in mild Alzheimer’s disease: results from a randomized,
controlled trial. ] Alzheimers Dis 31(1): 225-236.

De Waal H, Stam CJ, Lansbergen MM, Wieggers RL, Kamphuis PJ, et al.
(2014) The effect of souvenaid on functional brain network organisation
in patients with mild Alzheimer’s disease: a randomised controlled study.
PLoS One 9(1): e86558.

Milgram NW, Head E, Zicker SC, Ikeda Douglas CJ, Murphey H, et al.
(2005) Learning ability in aged beagle dogs is preserved by behavioral

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

enrichment and dietary fortification: a two-year longitudinal study. Neu-
robiol Aging 26(1): 77-90.

Pero ME, Cortese L, Mastellone V, Tudisco R, Musco N, et al. (2019) Ef-
fects of a nutritional supplement on cognitive function in aged dogs and
on synaptic function of primary cultured neurons. Animals 9: 393-402.

Gupta RC, Doss RB, Lall R, Srivastava A, Sinha A (2021) Chapter 67-Nu-
traceuticals in animal health and diseases. Nutraceuticals (2" Edn.).,
Efficacy, Safety and Toxicity, pp. 1127-1141.

Radhika PR, Singh RBM, Sivakumar T (2021) Nutraceuticals: an area of
tremendous scope. Int ] Res Ayurveda Pharmacy 2: 410-415.

Lata M (2021) Nutraceuticals: Impacts in Animal Health and their
Productivity. Vigyan Varta An International E-Magazine for Science
Enthusiasts 2: 44-48.

Bela B, Giardina S, Scigliano N, Pignataro G, Gramenzi A (2023) An-
tiedemigeno Dog-Cat Slow Release’: A Potent In Vitro Inhibitor of LPS
Activity. Am ] Biomed Sci & Res 18(1): 90-96.

Yang X, Dai G, Li G, Yang ES (2010) Coenzyme Q10 Reduces (3-amyloid
plaque in an APP/PS1 transgenic mouse model of Alzheimer’s disease. |
Mol Neurosci 41(1): 110-113.

Libro R, Giacoppo S, Soundara Rajan T, Bramanti P, Mazzon E (2016)
Natural Phytochemicals in the Treatment and Prevention of Dementia:
An Overview. Molecules 21(4): 518-528.

Tewari D, Stankiewicz AM, Mocan A, Sah AN, Tzvetkov NT (2018) Ethno-
pharmacological approaches for dementia therapy and significance of
natural products and herbal drugs. Front Aging Neurosci 10: 3.

Makkar R, Behl T, Bungau S, Zengin G, Mehta V, et al. (2020) Nutraceuti-
cals in neurological disorders. Int ] Mol Sci 21(12): 4424-4431.

Zhou X, Venigalla M, Raju R, Miinch G (2022) Pharmacological consid-
erations for treating neuroinflammation with curcumin in Alzheimer’s
disease. ] Neural Transm 129(5-6): 755-771.

Dewey CW, Rishniw M, Sakovitch K, Hollenbeck ] (2023) Oral adminis-
tration of an integrative supplement (CogniCaps®) improves cognitive
scores in aging dogs with canine cognitive dysfunction for at least two
months: An open-label investigation in 10 dogs. Open Veterinary Journal
13(2): 188-192.

Nokay CN (2023) Integrative Nutritional Therapy in Canine Cognitive
Dysfunction. Am ] Trad Chin Med 18(1): 35-48.

Oulhaj A, Jernere F, Refsum H, Smith AD, de Jager CA (2016) Omega-3 fat-
ty acid status enhances the prevention of cognitive decline by B vitamins
in mild cognitive impairment. ] Alzheimers Dis 50(2): 547-557.

Prasinou P, Crisi PE, Chatgilialoglu C, Di Tommaso M, Sansone A, et al.
(2020) The Erythrocyte Membrane Lipidome of Healthy Dogs: Creating
a Benchmark of Fatty Acid Distribution and Interval Values. Front Vet Sci
7:1-12.

Makrides M, Neumann MA, Byard RW, Simmer K, Gibson RA (1994) Fatty
acid composition of brain, retina, and erythrocytes in breast- and formu-
la-fed infants. Am ] Clin Nutr 60(2): 189-94.

Acar N, Berdeaux O, Grégoire S, Cabaret S, Martine L, et al. (2012) Lipid
composition of the human eye: are red blood cells a good mirror of reti-
nal and optic nerve fatty acids? PLoS One 7(4): e35102.

Han W (2016) Lipidomics for studying metabolism. Nat Rev Endocrinol
12(11): 668-679.

Sansone A, Tolika E, Louka M, Sunda V, Deplano S, et al. (2016) Hexadece-
noic fatty acid isomers in human blood lipids and their relevance for the
interpretation of lipidomic profiles. PLoS One 11(4): e0152378.

Copyright@ : Luana Clerico | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008834.

47948


https://dx.doi.org/10.26717/BJSTR.2024.56.008834
https://pubmed.ncbi.nlm.nih.gov/8744407/
https://pubmed.ncbi.nlm.nih.gov/8744407/
https://pubmed.ncbi.nlm.nih.gov/8744407/
https://pubmed.ncbi.nlm.nih.gov/8661247/
https://pubmed.ncbi.nlm.nih.gov/8661247/
https://pubmed.ncbi.nlm.nih.gov/8661247/
https://pubmed.ncbi.nlm.nih.gov/29065419/
https://pubmed.ncbi.nlm.nih.gov/29065419/
https://pubmed.ncbi.nlm.nih.gov/3544219/
https://pubmed.ncbi.nlm.nih.gov/3544219/
https://pubmed.ncbi.nlm.nih.gov/3544219/
https://pubmed.ncbi.nlm.nih.gov/1656157/
https://pubmed.ncbi.nlm.nih.gov/1656157/
https://pubmed.ncbi.nlm.nih.gov/1656157/
https://pubmed.ncbi.nlm.nih.gov/1656157/
https://pubmed.ncbi.nlm.nih.gov/26239295/
https://pubmed.ncbi.nlm.nih.gov/26239295/
https://pubmed.ncbi.nlm.nih.gov/26239295/
https://pubmed.ncbi.nlm.nih.gov/26239295/
https://pubmed.ncbi.nlm.nih.gov/11016539/
https://pubmed.ncbi.nlm.nih.gov/11016539/
https://pubmed.ncbi.nlm.nih.gov/11016539/
https://pubmed.ncbi.nlm.nih.gov/1881238/
https://pubmed.ncbi.nlm.nih.gov/1881238/
https://pubmed.ncbi.nlm.nih.gov/1881238/
https://pubmed.ncbi.nlm.nih.gov/22359596/
https://pubmed.ncbi.nlm.nih.gov/22359596/
https://pubmed.ncbi.nlm.nih.gov/22359596/
https://pubmed.ncbi.nlm.nih.gov/22938939/
https://pubmed.ncbi.nlm.nih.gov/22938939/
https://pubmed.ncbi.nlm.nih.gov/22938939/
https://pubmed.ncbi.nlm.nih.gov/3916238/
https://pubmed.ncbi.nlm.nih.gov/3916238/
https://pubmed.ncbi.nlm.nih.gov/9482271/
https://pubmed.ncbi.nlm.nih.gov/9482271/
https://pubmed.ncbi.nlm.nih.gov/9482271/
https://pubmed.ncbi.nlm.nih.gov/16126180/
https://pubmed.ncbi.nlm.nih.gov/16126180/
https://pubmed.ncbi.nlm.nih.gov/16126180/
https://pubmed.ncbi.nlm.nih.gov/16631143/
https://pubmed.ncbi.nlm.nih.gov/16631143/
https://pubmed.ncbi.nlm.nih.gov/16631143/
https://pubmed.ncbi.nlm.nih.gov/16631143/
https://pubmed.ncbi.nlm.nih.gov/20129316/
https://pubmed.ncbi.nlm.nih.gov/20129316/
https://pubmed.ncbi.nlm.nih.gov/20129316/
https://pubmed.ncbi.nlm.nih.gov/20129316/
https://pubmed.ncbi.nlm.nih.gov/22766770/
https://pubmed.ncbi.nlm.nih.gov/22766770/
https://pubmed.ncbi.nlm.nih.gov/22766770/
https://pubmed.ncbi.nlm.nih.gov/24475144/
https://pubmed.ncbi.nlm.nih.gov/24475144/
https://pubmed.ncbi.nlm.nih.gov/24475144/
https://pubmed.ncbi.nlm.nih.gov/24475144/
https://pubmed.ncbi.nlm.nih.gov/15585348/
https://pubmed.ncbi.nlm.nih.gov/15585348/
https://pubmed.ncbi.nlm.nih.gov/15585348/
https://pubmed.ncbi.nlm.nih.gov/15585348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6680659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6680659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6680659/
https://www.sciencedirect.com/science/article/abs/pii/B9780128210383000677
https://www.sciencedirect.com/science/article/abs/pii/B9780128210383000677
https://www.sciencedirect.com/science/article/abs/pii/B9780128210383000677
https://www.researchgate.net/publication/371437756_'Antiedemigeno_Dog-Cat_Slow_Release'_A_Potent_In_Vitro_Inhibitor_of_LPS_Activity
https://www.researchgate.net/publication/371437756_'Antiedemigeno_Dog-Cat_Slow_Release'_A_Potent_In_Vitro_Inhibitor_of_LPS_Activity
https://www.researchgate.net/publication/371437756_'Antiedemigeno_Dog-Cat_Slow_Release'_A_Potent_In_Vitro_Inhibitor_of_LPS_Activity
https://pubmed.ncbi.nlm.nih.gov/19834824/
https://pubmed.ncbi.nlm.nih.gov/19834824/
https://pubmed.ncbi.nlm.nih.gov/19834824/
https://pubmed.ncbi.nlm.nih.gov/27110749/
https://pubmed.ncbi.nlm.nih.gov/27110749/
https://pubmed.ncbi.nlm.nih.gov/27110749/
https://pubmed.ncbi.nlm.nih.gov/29483867/
https://pubmed.ncbi.nlm.nih.gov/29483867/
https://pubmed.ncbi.nlm.nih.gov/29483867/
https://pubmed.ncbi.nlm.nih.gov/32580329/
https://pubmed.ncbi.nlm.nih.gov/32580329/
https://pubmed.ncbi.nlm.nih.gov/35294663/
https://pubmed.ncbi.nlm.nih.gov/35294663/
https://pubmed.ncbi.nlm.nih.gov/35294663/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://typeset.io/pdf/integrative-nutritional-therapy-in-canine-cognitive-cehkrlzg.pdf
https://typeset.io/pdf/integrative-nutritional-therapy-in-canine-cognitive-cehkrlzg.pdf
https://pubmed.ncbi.nlm.nih.gov/26757190/
https://pubmed.ncbi.nlm.nih.gov/26757190/
https://pubmed.ncbi.nlm.nih.gov/26757190/
https://pubmed.ncbi.nlm.nih.gov/32974399/
https://pubmed.ncbi.nlm.nih.gov/32974399/
https://pubmed.ncbi.nlm.nih.gov/32974399/
https://pubmed.ncbi.nlm.nih.gov/32974399/
https://pubmed.ncbi.nlm.nih.gov/7913291/
https://pubmed.ncbi.nlm.nih.gov/7913291/
https://pubmed.ncbi.nlm.nih.gov/7913291/
https://pubmed.ncbi.nlm.nih.gov/22496896/
https://pubmed.ncbi.nlm.nih.gov/22496896/
https://pubmed.ncbi.nlm.nih.gov/22496896/
https://pubmed.ncbi.nlm.nih.gov/27469345/
https://pubmed.ncbi.nlm.nih.gov/27469345/
https://pubmed.ncbi.nlm.nih.gov/27045677/
https://pubmed.ncbi.nlm.nih.gov/27045677/
https://pubmed.ncbi.nlm.nih.gov/27045677/

Volume 56- Issue 2

DOI: 10.26717/BJSTR.2024.56.008834

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Amézaga ], Arranz S, Urruticoechea A, Ugartemendia G, Larraioz A, et
al. (2018) Altered red blood cell membrane fatty acid profile in cancer
patients. Nutrients 10(12): 1853-1864.

Gai Z, Wang T, Visentin M, Kullak-Ublick GA, Fu X, et al. (2019) Lipid accu-
mulation and chronic kidney disease. Nutrients 11(4): 722.

Boretti FS, Burla B, Deuel ], Gao L, Wenk MR, et al. (2020) Serum lipidome
analysis of healthy beagle dogs receiving different diets. Metabolomics
16(1): 1-9.

Crisi PE, Luciani A, Di Tommaso M, Prasinou P, De Santis F, et al. (2021)
The Fatty Acid-Based Erythrocyte Membrane Lipidome in Dogs with
Chronic Enteropathy. Animals 11(9): 2604-2615.

Fast R, Schiitt T, Toft N, Mgller A, Berendt M (2013) An observational
study with long-term follow-up of canine cognitive dysfunction: clinical
characteristics, survival, and risk factors. ] Vet Intern Med 27(4): 822-
829.

Tapp PD, Siwak CT, Gao FQ, Chiou Y, Black SE, et al. (2004) Frontal lobe
volume, function, and beta- amyloid pathology in a canine model of aging.
] Neurosci 224: 8205-8213.

Dhaliwal R, Boynton E, Carrera]ustiz, S, Cruise N, Grdner M, et al. (2023)
2023 AAHA Senior Care Guidelines for Dogs and Cats. ] Anim Hosp Assoc
59(1): 1-21.

Tynes VV, Landsberg GM (2021) Nutritional Management of Behavior
and Brain Disorders in Dogs and Cats. Vet Clin Small Anim Pract 51(3):
711-727.

Landsberg G (2005) Therapeutic agents for the treatment of cognitive
dysfunction syndrome in senior dogs. Prog. Neuropsychopharmacol. Biol
Psychiatry 29(3): 471-479.

Araujo JA, Studzinski CM, Head E, Cotman CW, Milgram NW (2005)
Assessment of nutritional interventions for modification of age-associ-
ated cognitive decline using a canine model of human aging. Age (Dordr)
27(1): 27-37.

Pignataro G, Di Prinzio R, Crisi PE, Bela B, Fusaro I, et al. (2021) Compar-
ison of the Therapeutic Effect of Treatment with Antibiotics or Nutraceu-
ticals on Clinical Activity and the Fecal Microbiome of Dogs with Acute
Diarrhea. Animals 11(6): 1484-1495.

Guidi EA, Gramenzi A, Persico P, Di Prinzio R, Di Simone D, et al . (2021)
Effects of Feeding a Hypoallergenic Diet with a Nutraceutical on Fecal
Dysbiosis Index and Clinical Manifestations of Canine Atopic Dermatitis.
Animals 11(10): 2985-2997.

Cannas S, Tonini B, Bela B, Di Prinzio R, Pignataro G, et al. (2021) Effect
of a novel nutraceutical supplement (Relaxigen Pet dog) on the fecal
microbiome and stress-related behaviors in dogs: A pilot study. Journal of
Veterinary Behavior 42: 37-47.

Agan UB, Hosseinpour Raouf S, Uzun B, Mera Y (2022) The Hidden
Potential of Herbal Remedies and Neutraceuticals in Canine and Feline
Behavioural Disorders. Van Vet ] 33: 36-41.

Dewey CW, Rishniw M, Sakovitch K, Hollenbeck ] (2023) Oral adminis-
tration of an integrative supplement (CogniCaps®) improves cognitive

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

scores in aging dogs with canine cognitive dysfunction for at least two
months: An open-label investigation in 10 dogs. Open Veterinary Journal
13(12): 188-192.

Araujo JA, Segarra S, Mendes ], Paradis A, Brooks M, et al. (2022) Sphin-
golipids and DHA Improve Cognitive Deficits in Aged Beagle Dogs. Front
Vet Sci, p. 9.

Cole GM, Ma QL, Frautschy SA (2009) Omega-3 fatty acids and dementia.
Prostaglandins Leukot. Essent. Fatty Acids 81(2-3): 213-221.

Araujo JA, Landsberg G M, Milgram NW, Miolo A (2008) Improvement

of short-term memory performance in aged beagles by a nutraceutical
supplement containing phosphatidylserine, Ginkgo biloba, vitamin E, and
pyridoxine. Can Vet ] 49(3): 379-385.

Sordo L, Gunn Moore DA (2021) Cognitive Dysfunction in Cats: Update on
Neuropathological and Behavioural Changes Plus Clinical Management.
Vet Rec 188(1): 30-41.

Panek WK, Murdoch DM, Gruen ME, Mowat FM, Marek RD, et al. (2021)
Plasma amyloid beta concentrations in aged and cognitively impaired pet
dogs. Mol Neurobiol 58(2): 483-489.

Vikartovska Z, Farbakova ], Smolek T, Hanes |, Zilka N, et al. (2021) Novel
diagnostic tools for identifying cognitive impairment in dogs: behavior,
biomarkers, and pathology. Front Vet Sci, p. 7.

Panek WK, Gruen ME, Murdoch DM, Marek RD, Stachel AF, et al. (2020)
Plasma neurofilament light chain as a translational biomarker of aging
and neurodegeneration in dogs. Mol Neurobiol 57(7): 3143-9314.

Zhao YY, Cheng XL, Wei F, Bai X, Tan X], et al. (2013) Intrarenal metabo-
lomic investigation of chronic kidney disease and its TGF-B1 mechanism
in induced-adenine rats using UPLC Q-TOF/HSMS/MS. ] Proteome Res
12(2): 692-703.

Svegliati Baroni G, Pierantonelli I, Torquato P, Marinelli R, Ferreri C, et al.
(2019) Lipidomic biomarkers and mechanisms of lipotoxicity in non-al-
coholic fatty liver disease. Free Radic Biol Med 144: 293-309.

Kao YC, Ho PC, Tu YK, Jou IM, Tsai K] (2020) Lipids and Alzheimer’s
Disease. Int ] Mol Sci 21(4): 1505-1516.

Abbott SK, Else PL, Atkins TA, Hulbert A] (2012) Fatty acid composition
of membrane bilayers: importance of diet polyunsaturated fat balance
1818(5): 1309-1317.

Pararasa C, Bailey CJ, Griffiths HR (2015) Ageing, adipose tissue, fatty
acids and inflammation. Biogerontology 16(2): 235-248.

Hwang DH, Kim ], Lee JY (2016) Mechanisms for the activation of Toll-like
receptor 2/4 by saturated fatty acids and inhibition by docosahexaenoic
acid. Eur ] Pharmacol 785: 24-35.

Pamplona R, Portero Otin M, Riba D, Ruiz C, Prat ], et al. (1998) Mitochon-
drial Membrane Peroxidizability Index Is Inversely Related to Maximum
Life Span in Mammals. ] Lipid Res 39(10): 1989-1994.

Martin V, Fabelo N, Santpere G, Puig B, Marin R, et al. (2010) Lipid
alterations in lipid rafts from Alzheimer’s disease human brain cortex. ]
Alzheimers Dis 19(2): 489-502.

Copyright@ : Luana Clerico | Biomed | Sci & Tech Res | BJSTR.MS.ID.008834.

47949


https://dx.doi.org/10.26717/BJSTR.2024.56.008834
https://pubmed.ncbi.nlm.nih.gov/30513730/
https://pubmed.ncbi.nlm.nih.gov/30513730/
https://pubmed.ncbi.nlm.nih.gov/30513730/
https://pubmed.ncbi.nlm.nih.gov/30925738/
https://pubmed.ncbi.nlm.nih.gov/30925738/
https://pubmed.ncbi.nlm.nih.gov/31797205/
https://pubmed.ncbi.nlm.nih.gov/31797205/
https://pubmed.ncbi.nlm.nih.gov/31797205/
https://pubmed.ncbi.nlm.nih.gov/34573570/
https://pubmed.ncbi.nlm.nih.gov/34573570/
https://pubmed.ncbi.nlm.nih.gov/34573570/
https://pubmed.ncbi.nlm.nih.gov/23701137/
https://pubmed.ncbi.nlm.nih.gov/23701137/
https://pubmed.ncbi.nlm.nih.gov/23701137/
https://pubmed.ncbi.nlm.nih.gov/23701137/
https://pubmed.ncbi.nlm.nih.gov/36584321/
https://pubmed.ncbi.nlm.nih.gov/36584321/
https://pubmed.ncbi.nlm.nih.gov/36584321/
https://pubmed.ncbi.nlm.nih.gov/33773649/
https://pubmed.ncbi.nlm.nih.gov/33773649/
https://pubmed.ncbi.nlm.nih.gov/33773649/
https://pubmed.ncbi.nlm.nih.gov/15795056/
https://pubmed.ncbi.nlm.nih.gov/15795056/
https://pubmed.ncbi.nlm.nih.gov/15795056/
https://pubmed.ncbi.nlm.nih.gov/23598601/
https://pubmed.ncbi.nlm.nih.gov/23598601/
https://pubmed.ncbi.nlm.nih.gov/23598601/
https://pubmed.ncbi.nlm.nih.gov/23598601/
https://pubmed.ncbi.nlm.nih.gov/34063855/
https://pubmed.ncbi.nlm.nih.gov/34063855/
https://pubmed.ncbi.nlm.nih.gov/34063855/
https://pubmed.ncbi.nlm.nih.gov/34063855/
https://pubmed.ncbi.nlm.nih.gov/34680004/
https://pubmed.ncbi.nlm.nih.gov/34680004/
https://pubmed.ncbi.nlm.nih.gov/34680004/
https://pubmed.ncbi.nlm.nih.gov/34680004/
https://www.sciencedirect.com/science/article/abs/pii/S1558787820301544
https://www.sciencedirect.com/science/article/abs/pii/S1558787820301544
https://www.sciencedirect.com/science/article/abs/pii/S1558787820301544
https://www.sciencedirect.com/science/article/abs/pii/S1558787820301544
https://dergipark.org.tr/en/pub/vanvetj/article/955081
https://dergipark.org.tr/en/pub/vanvetj/article/955081
https://dergipark.org.tr/en/pub/vanvetj/article/955081
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/37073246/
https://pubmed.ncbi.nlm.nih.gov/35909696/
https://pubmed.ncbi.nlm.nih.gov/35909696/
https://pubmed.ncbi.nlm.nih.gov/35909696/
https://pubmed.ncbi.nlm.nih.gov/19523795/
https://pubmed.ncbi.nlm.nih.gov/19523795/
https://pubmed.ncbi.nlm.nih.gov/18481547/
https://pubmed.ncbi.nlm.nih.gov/18481547/
https://pubmed.ncbi.nlm.nih.gov/18481547/
https://pubmed.ncbi.nlm.nih.gov/18481547/
https://pubmed.ncbi.nlm.nih.gov/34651755/
https://pubmed.ncbi.nlm.nih.gov/34651755/
https://pubmed.ncbi.nlm.nih.gov/34651755/
https://pubmed.ncbi.nlm.nih.gov/32970242/
https://pubmed.ncbi.nlm.nih.gov/32970242/
https://pubmed.ncbi.nlm.nih.gov/32970242/
https://pubmed.ncbi.nlm.nih.gov/33521072/
https://pubmed.ncbi.nlm.nih.gov/33521072/
https://pubmed.ncbi.nlm.nih.gov/33521072/
https://pubmed.ncbi.nlm.nih.gov/32472519/
https://pubmed.ncbi.nlm.nih.gov/32472519/
https://pubmed.ncbi.nlm.nih.gov/32472519/
https://pubmed.ncbi.nlm.nih.gov/23227912/
https://pubmed.ncbi.nlm.nih.gov/23227912/
https://pubmed.ncbi.nlm.nih.gov/23227912/
https://pubmed.ncbi.nlm.nih.gov/23227912/
https://pubmed.ncbi.nlm.nih.gov/31152791/
https://pubmed.ncbi.nlm.nih.gov/31152791/
https://pubmed.ncbi.nlm.nih.gov/31152791/
https://pubmed.ncbi.nlm.nih.gov/32098382/
https://pubmed.ncbi.nlm.nih.gov/32098382/
https://pubmed.ncbi.nlm.nih.gov/22285120/
https://pubmed.ncbi.nlm.nih.gov/22285120/
https://pubmed.ncbi.nlm.nih.gov/22285120/
https://pubmed.ncbi.nlm.nih.gov/25367746/
https://pubmed.ncbi.nlm.nih.gov/25367746/
https://pubmed.ncbi.nlm.nih.gov/27085899/
https://pubmed.ncbi.nlm.nih.gov/27085899/
https://pubmed.ncbi.nlm.nih.gov/27085899/
https://pubmed.ncbi.nlm.nih.gov/9788245/
https://pubmed.ncbi.nlm.nih.gov/9788245/
https://pubmed.ncbi.nlm.nih.gov/9788245/
https://pubmed.ncbi.nlm.nih.gov/20110596/
https://pubmed.ncbi.nlm.nih.gov/20110596/
https://pubmed.ncbi.nlm.nih.gov/20110596/

Volume 56- Issue 2

DOI: 10.26717/BJSTR.2024.56.008834

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.56.008834

Luana Clerico. Biomed ] Sci & Tech Res

@ @ @ This work is licensed under Creative

Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

BIOMEDICAL

RESEARCHES

A

N R

sy

L LA
T g

ISSN: 2574-1241

Assets of Publishing with us

Global archiving of articles
Immediate, unrestricted online access
Rigorous Peer Review Process
Authors Retain Copyrights

Unique DOI for all articles

https://biomedres.us/

Copyright@ : Luana Clerico | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008834.

47950


https://dx.doi.org/10.26717/BJSTR.2024.56.008834
https://dx.doi.org/10.26717/BJSTR.2024.56.008834

