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Abstract

The high rates of obesity and degenerative joint disease in companion animals has resulted in a demand for dietary supple-
ments that support joint health and reduce inflammation. Polyphenols have received considerable attention in this space,
although literature in companion animals is lacking or conflicting. This study determined whether a diet supplemented
with olive polyphenol extract had the potential to reduce inflammation and/or bodyweight. Eight senior domestic cats aged
11.01 + 0.74 years (mean + standard error of the mean) and weighing 3.6 + 0.3 kg (mean + SEM) were used for this study. The
cats were fed, ad libitum with a complete (AAFCO) canned diet supplemented with 0.1% olive polyphenol extract for 56 days.
Cats were weighed weekly and blood samples taken on day 0 (baseline), 28, and 56 of the study. Biochemistry, haematology,
and cytokine (19 cytokines or chemokines) panels were run for each blood sample. While there was an initial aversion to the
supplemented diet, intakes of the cats increased, and they consumed enough to meet or exceed their daily maintenance energy
requirements by day 10 of the trial. On average, the cats lost approximately 8% of their starting weight over the trial, which was
interesting given that feed intake exceeding maintenance energy requirements for most of the study. Whether the decrease in
bodyweight was due to seasonal changes, the supplemented diet, or a combination of the two warrants further investigation.
There were little to no changes to any of the blood parameters, which was surprising given that previous studies have reported
reductions in pro-inflammatory cytokines following polyphenol supplementation. Perhaps a higher concentration of olive poly-
phenols is required to elicit the anti-inflammatory response observed in other species. A study evaluating the dose-dependent
effects of dietary polyphenols on inflammatory and oxidative markers in cats would be valuable in this context.
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1 Introduction have a wide range of adverse effects on the health and

well-being of cats. In cats, obesity has been closely linked

Obesity and degenerative joint disease (DJD; e.g. osteo-
arthritis) are becoming increasingly prevalent in com-
panion animals worldwide (Cave et al, 2012; Chiang
et al., 2022; Lascelles et al., 2010a; Kimura et al., 2020).
Obesity and DJD are often closely associated and can

to increased oxidative stress and an increased risk of
diabetes mellitus, renal disease, hepatic lipidosis, hyper-
lipidaemia, and DJD (Cave et al, 2012; Chiang et al.,
2022; Scarlett and Donoghue, 1998; Scarlett et al., 1994).
Degenerative joint disease in cats is primarily associated
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with inflammation, joint pain, reduced physical activ-
ity, and an increased risk of weight gain (Lascelles, 2010;
Lascelles and Sheilah, 2010).

At present, the primary treatment recommenda-
tions for both obesity and DJD are lifestyle changes (e.g.
caloric restriction, modified feeding regimes, and lim-
iting food intake) (Burkholder and Bauer, 1998). These
changes are aimed at promoting physical activity and
reducing bodyweight to alleviate pressure on joints with
DJD and reduce factors that adversely affect joint health
(e.g. oxidative stress and chronic inflammation; Rychel,
2010). Pharmacological treatments for companion ani-
mals with DJD are also available (e.g. non-steroidal
anti-inflammatory or glucocorticoid treatments), but
the long-term use of these treatments can have various
side effects, many of which can be severe (Hardie, 1997).
Thus, there is a clear need for research into alternative
treatments for feline DJD.

In recent years, there has been a particular interest
in dietary supplements that could alleviate symptoms
of DJD or oxidative stress (associated with DJD and
obesity) by promoting anti-inflammatory cytokines and
reducing both proinflammatory cytokines and reactive
oxygen species (ROS; Forman and Zhang, 2021). Dietary
polyphenols (plant-based compounds containing more
than one phenolic hydroxyl group, e.g. flavonoids, phe-
nolic acids, lignans, and stilbenes) have shown promise
as an alternative therapy for DJD and oxidative stress
in humans (Pandey and Rizvi, 2009). Polyphenols have
been found to improve joint health and function through
their anti-inflammatory and antioxidant properties
(Ansari et al., 2020; Sung et al., 2019). Polyphenols (e.g.
citrus flavonoids) have been found to have lipid-lowering
and hypoglycaemic properties, suggesting that they may
be beneficial for weight loss (Millan-Laleona et al., 2023;
Williamson, 2017). However, despite the large amount of
promising research in humans, few studies have investi-
gated the effects of dietary polyphenols in companion
animals. However, one study in growing puppies dem-
onstrated antioxidant effects of catechin supplemen-
tation in a green tea extract without impacting growth
rates or faecal quality (Kara et al., 2016).

To the authors’ knowledge, there have been only two
studies investigating of dietary polyphenols on inflam-
mation and oxidative stress in cats. Leray et al. (2011)
and Jeusette et al. (2010) administered a diet supple-
mented with polyphenols and looked at the effects the
treatment had on chronic inflammatory and oxidative
markers, respectively. Jeusette et al. (2010) found giving
a diet supplemented with citrus polyphenols to obese
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cats for five months lead to decreased plasma lipid
concentrations (cholesterol and triacyl-glycerides) and
reduced oxidative (lower urinary F2-isoprostane con-
centrations). This suggested that dietary polyphenols
could reduce oxidative stress in cats. Leray et al. (2011)
found that obese cats given dietary polyphenols for
eight weeks exhibited a reduction in the concentrations
of plasma acute-phase proteins (APP), showing that
polyphenols could target the liver to reduce the chronic
inflammatory state associated with obesity. In contrast
to studies in obese and/or diabetic mice (Jain et al,
2009; Weisberg et al., 2008), the polyphenol treatment
did not affect the circulating cytokine concentrations of
cats (Leray et al., 2011). This was possibly due to the lower
doses given (Leray et al., 2011), but it is important to note
that research into the use of dietary polyphenol extracts
should be conducted cautiously in terms of dose deter-
mination. A toxicology study in dogs clearly emphasised
the importance of careful dose selection when admin-
istering polyphenols, as high doses of dietary green tea
polyphenol extracts were associated with many severe
side effects, including pathology of many major organs
and mortality (Kapetanovic et al, 2009). Despite this,
the potential beneficial effects of an appropriate dose
of dietary polyphenols on chronic inflammation and
oxidative stress in companion animals warrants further
investigation, especially given the promising research
published for humans.

This study aimed to determine whether a diet supple-
mented with low-dose (0.1%) olive polyphenol extract
affects the serum concentrations of inflammatory mark-
ers and/or bodyweight of senior domestic cats. The
hypothesis was that this low dose polyphenol extract
treatment would be sufficient to reduce the levels of
inflammatory markers in the cat and lead to weight loss
over the eight-week study.

2 Materials and methods

Animals and animal husbandry

Eight cats from the Centre for Feline Nutrition (Massey
University, Palmerston North, New Zealand) were
selected for this study. Older cats were selected as
inflammation and joint problems are more prominent
in older cats (Lascelles et al., 2010a). The cats aged from
9.6 to 15.5 years (mean = standard error of the mean
(SEM); 11.01+£0.74 years) and, at the start of the study,
weighed from 2.9-5.0 kg (mean + SEM; 3.6+0.3 kg).
The cats were housed in a single group at the Centre for
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Feline Nutrition throughout the eight-week trial. Both
food and water were available ad libitum and replaced
daily. The cats were exclusively fed a canned diet sup-
plemented with 0.1% pure olive polyphenol extract (see
details below), with a daily allocation of approximately
350 g per cat per day. The total food consumption of the
group was recorded daily. The quantity of supplemented
food offered was increased if all food was close to being
consumed over a 24 h period to ensure ad libitum access
to food. The cats were weighed weekly throughout the
trial; this was to ensure that the cats did not lose a signifi-
cant amount of bodyweight as a result of consuming the
diet. The American Association of Feed Control Officials
(AAFCO) guidelines (2021) state that if any individual
cat loses >15% of its starting bodyweight it should be
removed from a trial, or if the group loses >10% of their
starting bodyweight then the trial should be stopped. No
animals were withdrawn from this study.

Care of the animals complied with the Animal
Welfare (Cats) Code of Welfare (2010). The study design
was approved by the Massey University Animal Ethics
Committee (MUAEC) and given the protocol number
MUAEC 21/37 prior to the commencement of the study.

Diet

The base diet was canned wet food (Chef Classic
Chicken flavour; Kraft Heinz Wattie’s Ltd, Hastings, New
Zealand). This diet was AAFCO formulated and had
been feed tested for cats. In addition, this diet was famil-
iar and proven to be palatable to the cats at the Centre
for Feline Nutrition. The initial daily food allowance was

derived from the daily maintenance energy require-
ments (MER) of all cats in the group: MER (kcal) =
100 x kg BW%67 (NRC, 2006). Based on the starting
bodyweight of each of the cats, a total daily MER of
1,877 kcal (i.e. 7,852 kJ/kg) was required (Table 1). The
Chef Classic Chicken diet contains 765 kcal/kg (i.e.
3,200 kJ/kg), thus the group of cats required a dietary
intake of 2,454 g/day to meet MER. Therefore, the cats
were given 3,160 g (four cans) of diet supplemented with
0.1% olive polyphenols daily to ensure the provision of
an ad libitum diet. The cats did not consume all of the
provided diet on any day, so all food intake values repre-
sent the voluntary food intake of the cats.

The base diet was supplemented with 0.1% (316 g/
day) olive polyphenol extract. The olive polyphenol
extract was mixed thoroughly into a fresh batch of
diet each day to ensure even distribution. No study has
reported dietary supplementation of feline diets with
pure olive polyphenols; thus, the dose of olive polyphe-
nols was determined from two studies that used 0.1%
pure citrus polyphenols in cats for two to five months
without any adverse side effects (Jeusette et al,, 2010;
Leray et al, 2011). Note that caution is needed when
determining dietary polyphenol concentrations due to
the toxic effects associated with high doses (Kapetanovic
etal., 2009).

Experimental design

The cats were fed the diet supplemented with 0.1% poly-
phenol extract for a total of eight weeks (56 days). Blood
samples (2 ml) were collected on days O (baseline), 28,

TABLE 1 The maintenance energy requirements (MER) of the cats based on bodyweight (BWT)
at the start of the study for a canned diet (containing 764.8 kcal/kg) mixed with olive
0.1% polyphenols!

Cat Initial BWT (kg) Initial MER (kcal)

Blur 2.92 208.35

Dalu 5.00 294.13

Katy 2.90 203.99

Klara 3.22 218.68

Obi 4.40 269.89

Piri 4.21 262.02

Vilma 2.93 205.54

Zilla 3.11 213.96

Total 28.76 1,876.57 kcal

Total intake of dietin g - 2,453.67 g

I Maintenance energy requirements were calculated as MER (kcal) =100 x kg BW%67 (NRC, 2006).
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and 56 (end) of the study using jugular venepuncture
(25G needle). Local anaesthetic, Emla cream (5% ligno-
caine and prilocaine), was administered to the shaved
sample site 30 minutes prior to blood collection. For
each blood sample, half the blood volume was placed
into a vacuum tube (Becton and Dickinson Co., Franklin
Lakes, NJ, USA) and used for haematology and a bio-
chemistry health screen. The other half of each blood
sample was placed into a vacuum tube, left for two
hours, and centrifuged at 3,000xg before the serum was
extracted and stored at -80 °C until a comprehensive
cytokine and chemokine analysis was conducted.

Analysis of blood samples

Biochemistry heath screen (Feline)

Blood samples collected on days 0, 28, and 56 were sent
for biochemistry health screening. This included mea-
surement of symmetric dimethylarginine (SDMA), cre-
atine kinase (CK), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), bilirubin, total protein,
albumin, globulin, urea, creatinine, phosphate, calcium,
cholesterol, sodium, potassium, and chloride.

Complete blood count (differential)

Blood samples collected on days 0, 28, and 56 were
sent for complete blood count (CBC) analyses. This
included measurement of red blood cell concentration
(RBC), haemoglobin concentration (HB), haemato-
crit or packed cell volume (HCT/PCV), mean corpus-
cular volume (MCV), mean corpuscular haemoglobin
(MCH), mean corpuscular haemoglobin concentration
(MCHC), platelet concentration (PLAT), absolute retic-
ulocyte count (absolute retic), reticulocyte haemoglobin
(rHb), and white blood cell concentration (WBC).

Cytokines and chemokines

A comprehensive cytokine and chemokine assay (Milli-
pore Feline Cytokine Panel, 19-plx; MilliporeSigma,
Burlington, MA, USA) was conducted on all blood
samples (i.e. days O, 28, and 56) by Massey University
Nutrition Laboratory (School of Food and Advanced
Technology, Massey University, Palmerston North, New
Zealand). The following cytokines and chemokines were
assessed: apoptosis antigen 1 (i.e. Fas or CD95), Fms-
like tyrosine kinase 3 ligand (FIt-3L), granulocyte macro-
phage colony-stimulating factor (GM-CSF), interferon
gamma (IFN-y), platelet-derived growth factor (PDGF-
BB), keratinocytes-derived chemokine (KC or CXC-L1),
stromal cell-derived factor 1 (SDF-1 or CXC-L12), che-
mokine ligand 5 (CCL5 or RANTES), stem cell factor
(SCF), monocyte chemoattractant protein 1 (MCP-1),
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tumour necrosis factor-a (TNF-a), interleukin (IL)-1B,
IL-2,IL-4,IL-6, IL-8, IL-12, IL-13, and IL-18.

Statistical analyses

All statistical analyses were conducted using RStudio
with a significance level of P<0.05. All data were
checked for normality and outliers. The body weights of
the cats at the start and end of the trial were compared
using a paired t-test. In addition, a Pearson’s correla-
tion coefficient was used to examine the relationship
between the mean bodyweights of the cats and time.
For all blood test parameters, significant outliers were
removed from the data according to Chauvenet’s crite-
rion and non-parametric data were transformed using
the TransformTukey function (RCompanion Package).
Repeated measures ANOVAs were then used to deter-
mine the effects of the polyphenol treatment on each
of the parameters measured in serum or blood. Paired
post hoc tests (paired pairwise test or paired pairwise
Wilcoxon test) were used to further investigate param-
eters that yielded a statically significant repeated mea-
sures ANOVA. Note that some cytokine parameters
were undetectable in several serum samples, so statisti-
cal comparisons were not possible.

3 Results and discussion

Bodyweight data

The mean bodyweights of the cats were negatively cor-
related with time (Pearson’s correlation coefficient:
r2 = 0.9, P<0.001; Figure 1). The average bodyweights
of the cats were 3.6+0.3 kg at the start of the trial and
3.3+0.3 at the end of the trial (P=0.034). It is worth not-
ing that the bodyweights of the cats decreased during
the five weeks prior to the trial starting and the rate
did not increase after the trial start date (Figure 1), thus
the decrease in bodyweight was unlikely related to the
dietary polyphenol supplementation. Cats have been
shown to exhibit a seasonal decrease in bodyweight the
period over which this study was conducted is associ-
ated with weight loss (Bermingham et al.,, 2013; Serisier
et al., 2014). However, five of the cats reached a body-
weight that was lower than their lowest bodyweight
for the previous year (2020). This was likely due to the
fact the older cohort of cats was selected for this trial,
and cats tend to lose weight as they age. Alternatively,
there may have been a decrease in voluntary food
intake, since voluntary food intake also changes in cats
throughout the year (Bermingham et al., 2013; Serisier
etal., 2014).
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FIGURE1 Mean + standard error of the mean (SEM) bodyweights of the cats (n=8) over time relative to the start (week 0)
and end (week 8) of dietary supplementation with 0.1% olive polyphenols. The grey dashed line represents the
linear regression line (r?=0.9, P<0.001).
Food consumption from day O (Start of trial) to day 56 (end of trial; 12 = 0.77;

This trial was conducted over a period during which
voluntary feed intake has been found to decrease in
cats (i.e. during spring when day length/photoperiod is
increasing) (Serisier et al., 2014). However, in the pres-
ent study, the feed intake of the group of cats increased

Figure 2). While the initial total voluntary dietary intake
was below the group daily MER requirements (Figure 2),
by day 10 of the trial all feed intakes exceeded the MER
for the group of cats (N.B., individual feed intakes of the
cats could not be recorded due to the group housing). It

4000

3500

3000

2500

—_ [\
W S
S S
(=] S

Group daily feed intake (g)

FIGURE 2

/\/\/\/\/\/\«h \/
1 A //\)\/’V

10 15 20 25 30 35 40 45 50 55 60
Day of trial

The daily voluntary feed intake of the group of cats (n=8) given a diet of Chef Classic chicken supplemented
with 0.1% olive polyphenols. The grey line represents polynomial regression (r? = 0.77). The red line represents
the daily dietary intake required to meet the maintenance energy requirements of the group of cats based on
their starting bodyweights.
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is unclear whether the initially low levels of voluntary
food intake were due mixed Chef Classic Chicken diet
(different texture and appearance associated with mix-
ing the diet) or the polyphenol supplementation (poly-
phenols have been attributed to a bitter taste) (Tarragon
and Moreno, 2020). A palatability trial comparing Chef
Classic Chicken, mixed Chef Classic Chicken, and Chef
Classic Chicken mixed with 0.1% polyphenols may help
answer this question. At present, it would be advisable
to progressively add (25%, 50%, 75%, and then finally
100% of diet) the Chef Classic Chicken mixed with 0.1%
polyphenols to the cats existing diet over a week to mini-
mise the chance of this depression in intake.

It was interesting to note that there was a decrease in
the bodyweight of the cats despite an increase in feed
intake (Figures 1 and 2). The total energy expenditure,
and thus MER, of cats, is comprised primarily of basal
metabolic rate and physical activity. Thus, it was pos-
sible that that physical activity of the cats increased
during the present study, which led to the decrease in
bodyweights of the cats despite a dietary intake exceed-
ing the calculated MER. This would not be surprising as
this trial was conducted over a period of increasing day-
length and ambient temperature. Colony-housed domes-
tic cats have previously been shown to be more active
and to lose weight as daylength increases (Bermingham
et al., 2013; Serisier et al., 2014). Alternatively, it is possi-
ble that the polyphenol treatment effectively alleviated
inflammation, and in turn, increase physical activity.
Indeed, treatment of DJF has previously been found
to increase that physical activity of cats (Guillot et al.,
2013; Lascelles et al, 2010b). However, this cannot be
confirmed in the present study as the physical activity
of the cats was not accessed.

Biochemistry health panel and haematology

General health of the cats on day 0:

On day 0, none of the cats had any biochemistry or hae-
matology results that showed either acute or chronic ill-
ness. Renal function appeared to be normal in all cats.
Three of the cats had slightly elevated SDMA (15, 16, and
19 ug/dl; normal range 0-15 ug/dl), which could be tran-
sient or indicative of early renal disease. Since SDMA
concentrations were only slightly elevated and both
urea and creatinine concentrations were normal, renal
degeneration or disease is unlikely. In addition, markers
of liver function (e.g. ALT, ALB, BR, and TP) were nor-
mal in all cats.
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Red blood cells were present at normal concentra-
tions (RBC count) and proportions (haematocrit) in all
cats on day 0. In addition, the volume of RBC (MCV)
and haemoglobin contents of each RBC (MCHC) of
each cat were normal. The absolute reticulocyte count
was low in most cats. This can indicate decreased eryth-
ropoiesis due to anaemia-causing conditions such as
chronic kidney disease (Cowgill et al., 2003). However,
the RBC did were normal for all cats and the diet did
not affect the absolute reticulocyte count or RBC of
the cats. One cat had a mildly elevated WBC count
(36.9x109 cells/l; normal range 5.5-19.5x10° cells/l) on
day 0, which suggested that the cat may have been expe-
riencing an infection or inflammation. The WBC count
of this cat remained slightly above the normal range
throughout the study. There were no other signs of ill-
ness in this individual’s biochemistry or CBC panel, thus
inflammation was the most likely cause.

The effect of polyphenol treatment on

blood parameters

The provision of a diet supplemented with 0.1% olive
polyphenols for 56 days had a minimal effect on the
parameters assessed in the biochemistry health panel
and haematology of the cats (Table 2). Serum urea,
phosphate, and potassium concentrations were all
significantly higher on day 56 than on day 0, and 28
(Table 2). All serum urea and phosphate concentration
values were within the normal range for cats (Table 2).
As such, the physiological significance of the increases
in these parameters is unclear and should not be over-
interpreted. The mean potassium concentrations on
day 56 were just above the normal range (Table 2), but
slightly elevated potassium alone is of minimal signifi-
cance in a clinical context. There was a tendency (P<0.1)
for AST to increase from day O to 56 (Table 2), but all
AST concentrations were within normal ranges.

In terms of haematology, none of the parameters in
the cats differed significantly over time (Table 2), which
suggested that the polyphenol treatment had no effect.
The mean values of all haematology parameters were
within the normal ranges throughout the study with the
exception of elevated WBC in one cat and a low abso-
lute reticulocyte count on day 0, 28, and 50 for most cats
(Table 2). As mentioned previously, the low absolute
reticulocyte count is unlikely to be clinically significant
as RBC counts were normal for all tests.
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TABLE 2 Mean = standard error of the mean (SEM) serum concentrations of biochemistry and haematological parameters after 0, 28
and 56 days of treatment with a Chef Classic Chicken diet supplemented with 0.1% olive polyphenols from day 0-56!

Tests Normal range  Unit Day 0 Day 28 Day 56 P-value
Biochemistry

Symmetric dimethylarginine  0-14 ug/dl 14.0+1.0 14.0+0.9 14.0+1.2 1.00
(SDMA)

Creatine kinase (CK) 0-344 IU/1at37°C 140.8+24.7 138.8+13.5 167.6:1l.5  0.29
Aspartate aminotransferase 0-66 IU/l1at37°C 29.9+2.9 32.3+2.5 36.4+2.7 0.09
(AST)

Alkaline phosphatase level 0-85 IU/1at37°C 31.1+3.8 29.9+3.6 28.4+3.5 0.59
test (ALP)

Alanine aminotransferase 0-100 IU/1at37°C 65.1+7.1 75.0+7.7 75.9+13.3 0.44
(ALT)

Bilirubin 0-5 pg/dl 3.9+0.12 3.0+0.0° 3.4+0.22 0.04
Total protein 63-83 umol/l 75.8+2.0 75.1+1.8 79.3+1.3 0.17
Albumin 26-40 g/l 29.6x1.0 27.5+1.1 28.9+0.9 0.61
Globulin 24-49 g/l 46.3+2.0 47.6+2.4 50.6+2.0 0.15
Albumin:globulin 0.6-1.6 ratio 0.6+0.0 0.6+0.1 0.6+0.0 0.30
Urea 5.7-12.9 mmol/] 9.6+0.82 11.5+0.52 12.1+0.6P 0.04
Creatinine 70-159 umol/l 90.0+4.7 94.9+5.7 90.0+8.7 0.98
Phosphate 1.3-5.8 mmol/l 1.3£0.12 1.3£0.12 1.5+0.0° 0.01
Calcium 1.8-2.7 mmol/l 2.3+0.04 2.3+0.03 2.4+0.03 0.74
Cholesterol 1.5-6.0 mmol/l 3.2+0.2 3.1+0.2 3.3+0.3 0.82
Sodium 147-156 mmol/l 151.6+0.5 149.8+0.7  151.4+0.5 0.77
Potassium 3.5-5.0 mmol/l 4.7+0.12 4.8+0.22 5.1+0.1P 0.046
Chloride 108-128 mmol/l! 116.8+0.8 115.5+0.9 115.6+0.5 0.27
Haematology

Red blood cell count (RBC) 5-10 x1012/] 7.6+0.3 6.8+0.4 7.2+0.3 0.37
Haemoglobin (Hb) 80-150 g/l 111.8:38  101.6:45  106.7+41  0.39
Haematocrit (HCT) 0.24-0.45 1/1 0.4+0.012 0.3+0.01° 0.3+£0.022>  0.30
Mean corpuscular volume 39-55 fl 46.4+0.7 44.0+0.9 45.6+0.7 0.47
(MCV)

Mean corpuscular haemo- 13-18 Pg 14.9+0.3 15.1+0.4 14.9+0.3 0.99
globin (MCH)

Mean corpuscular haemo- 290-360 g/l 319.8+6.28  341.7+4.0> 327.0+6.72  0.39
globin conc.

Platelets 300-800 x1091] 319.7+69.2  310.3+71.6  321.6+59.5 1.00
Absolute reticulocyte count ~ 19-107 x109] 13.9+2.7 16.4+2.8 13.4+2.9 0.94
(abs. retic)

Reticulocyte haemoglobin 13.2-20.8 pg 15.3+0.5 15.4+0.4 15.5+0.5 0.76
(Retic Hb)

White blood cells 5.5-19.5 x109/1 17.3+£3.0 18.9+2.7 17.8+1.4 0.27

I Normal ranges have been obtained from IDEXX Laboratories, Palmerston North, New Zealand. The P-values have been obtained from a
repeated-measures ANOVA. Significant (P<0.05) differences between day 0, 28 and 56 are indicated by different superscript letters.
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Cytokines and chemokines

Reference ranges are lacking for most cytokines in
domestic cats, making it difficult to determine whether
the concentrations were within normal ranges. Troia
et al. (2020) examined the concentrations of several
cytokines and chemokines in the plasma of 40 clinically
healthy cats, and these results are presented in Table 3.
The concentrations of many cytokines (Flt-3L, IL-6, IL-8,
IL-12, MCP-1, PDGF-BB, RANTES, SDF-1, IL-4, and
IL-13) in the present study were markedly higher than
previously reported (Troia et al., 2020; Table 3). This was
possible because a cohort of cats selected for this trial
was older/senior (>10 years), although this was difficult

D.G. THOMAS, P. DYER AND C.]J. ANDREWS

to confirm as Troia et al. (2020) did not report the age of
the cats used. Nonetheless, several conditions that are
more prominent in older cats (e.g. kidney or liver dis-
ease and joint disease) are known to increase cytokine
concentrations and oxidative stress (Clarke et al., 2005;
Prahl et al, 2007). While there were no clear signs of
these conditions in the biochemistry and haematology
panels for the cats, it is worth noting that these param-
eters have a low diagnostic sensitivity and may not be
able to detect such conditions until mid to late-onset.
It is possible that the senior cats in this study had early
onset conditions that led to these increases in cytokine
concentrations, but this could not be confirmed. In any

TABLE 3 Mean + standard eroor of the mean (SEM) serum concentrations of pro-inflammatory cytokines after 0, 28 and 56 days of
treatment with a diet supplemented with 0.1% olive polyphenols!

Cytokine/Chemokine/ Control/references median? Mean start Mean end P-value

Growth factor (min-max) (pg/ml)2 (pg/ml) (pg/ml)

Pro-inflammatory (primarily)

Apoptosisantigenl (Fas or CD95) ND 23.2+4.2 39.1:8.8 0.16

Fms-related tyrosine kinase 9.1 (4.0-38.6) 156.3+15.3 119.1£11.6 <0.001

3 ligand (FIt-3L)

Granulocyte macrophage colony- ND 11.2% 15.316.3 ND

stimulating factor (GM-CSF)

Interferon y (IFN-y) ND 178.3+20.3 161.5+36 0.88

Interleukin 1B (IL-1p8) 14.0 (14.0-61.7) 52.8* ND ND

Interleukin 2 (IL-2) ND 13.7£1.0 10.5+2.3 ND

Interleukin 6 (IL-6) 25.0 (25.0-25.0) 189.3+36.2 210.4+44.6 0.74

Interleukin 8 (IL-8) 7.0 (7.0-7.0) 57.2+8.8 56.8+6.5 0.93

Interleukin 12p40 (IL-12p40) 107.1 (9.0-965.8) 1,068.8+144.7 1,042.9+167.7 0.78

Interleukin 18 (IL-18) 30.0 (30.0-30.0) 901.3+566.3 522.3+275.5 ND

Keratinocyte chemoattractant 1.0 (1.0-1.0) 28.5+6.7 38.6+7.7 0.32

(KC or CXCLI)

Monocyte chemoattractant 220.6 (164.0-2482) 2,973.9+345.5 3,080.2£391.8  0.78

protein 1 (MCP-1)

Platelet-derived growth factor BB 198.0 (198.0-297.4) 5,499.4+595.1 5,346.5+1010.3 0.82

(PDGF-BB)

Chemokine ligand 5 (CCL5 or 1.0 (1.0-11.46) 97.1+12.6 110.3+9.5 0.20

RANTES)

Stem cell factor (SCF) ND 232.5+29.7 226.3+£29.8 0.77

Stromal cell-derived factorl (SDF-1)  945.7 (248.0-2,233.0) 2,090.6+491.3  2,091.6+342.6 1.00

Tumour necrosis factor o (TNF-a) 7.0 (7.0-43.3) 33.1% 17.7£9.3 ND

Anti-inflammatory (primarily)

Interleukin 4 (IL-4) 30.0 (30.0-363.7) 454.3+140.0 487.9+141.3 0.64

Interleukin 13 (IL-13) 7.0 (7.0-7.0) 48.2+9.4 47.5+£9.9 0.96

1 The P-value column represents the results of a paired Wilcox or T test. ND represents no data or insufficient data to complete a statistical

comparison from the start to end of the study.

2 Reference values were the results from 40 clinically healthy cats and were presented in Troia et al. (2020).
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case, cytokine concentrations are well-known to differ
with various factors (e.g. age, breed, sex, disease, etc.),
hence why each cat in the present trial was used as its
own control.

A comparison of the concentrations of the assessed
cytokines at the start (day 0) and end (day 56) of dietary
supplementation with 0.1% polyphenols is presented in
Table 3. There were no clear differences in the circulat-
ing cytokine concentrations of the cats from the start to
the end of the trial, except for Flt-3L, which had a ten-
dency (P=0.09) to decrease over the treatment period
(Table 3). However, a post-hoc test yielded no significant
differences. The main role of Flt-3L is to promote hae-
matopoiesis, that is, the production of new blood cells
(Gilliland et al, 2002). The decrease in Flt-3L could
have been associated with the low absolute reticulocyte
count observed in this study (Table 2). The clinical rel-
evance of the decreased Flt-3L concentrations remains
unclear and should not be overinterpreted, as it was only
a statistical trend. It was worth noting that FIt-3L con-
centrations at the end of the study were still well above
those previously reported by (Troia et al, 2020). None
of the other cytokines or chemokines exhibited either
statistical or visual differences over time.

Overall, there were no clear and consistent differ-
ences in cytokine and chemokine concentrations as a
result of dietary supplementation with 0.1% olive poly-
phenols (Table 3). This lack of difference was somewhat
surprising, based on past literature in other species such
as rats, which suggested that dietary polyphenol sup-
plementation decreases the concentrations of several
pro-inflammatory cytokines, increase the concentra-
tions of several anti-inflammatory concentrations, and
decreases reactive oxygen species (i.e. oxidative stress)
(Molina et al., 2015; Shen et al,, 2012). It may be that the
dose of 0.1% of the diet was insufficient to elicit a clear
response to the polyphenol treatment.

Similar concentrations (0.1%) of citrus polyphe-
nol extract have been found to have physiological
effects and decrease IFN-y and IL-2 mRNA levels in
the peripheral mononuclear blood cells of cats (Leray
et al., 2011). However, Leray et al. (2011) did not assess
circulating cytokine and chemokine concentrations,
as in the present study, making direct comparison dif-
ficult. It is possible that olive polyphenols are required
in higher concentrations than citrus polyphenols, but
this requires confirmation. Based on the present data,
the dose given could be increased, although caution is
needed when giving dietary polyphenols as excessive
doses can result in a plethora of adverse effects includ-
ing death (Kapetanovic et al., 2009). In addition, there is

arisk of adversely affecting the palatability of the diet as
polyphenols are considered bitter, especially given the
initial aversion or low intake of the diet observed in this
study. Alternatively, there may be more sensitive param-
eters (e.g. cytokine mRNA levels in the peripheral mono-
nuclear blood cells or markers of oxidative stress) that
could be used to investigate the effects of polyphenols
in cats.

It is worth noting the Millipore Feline Cytokine
Panel, which was selected as it can be used to analyse
19 cytokines from a single low-volume blood sample,
did not include some of the major anti-inflammatory
cytokines (e.g. IL-10 and transforming growth factor 8
(TGF-B). While major pro-inflammatory cytokines were
not significantly affected by the polyphenol treatment,
changes in these key anti-inflammatory cytokines may
have occurred and warrants further investigation. There
is evidence that dietary polyphenols can decrease oxida-
tive stress in cats, which has a number of health benefits
for older cats in which oxidative stress is more promi-
nent (Jeusette et al., 2010). Thus, it may be worthwhile
investigating whether dietary polyphenol supplemen-
tation decreased markers of oxidative stress of the cats
(e.g. urinary isoprostane or blood reactive oxygen spe-
cies concentrations); stored urine and serum samples
from the present study could be used to assess this.

4 Conclusions

In conclusion, there was an initial aversion to the pro-
vision of a mixed diet supplemented with 0.1% olive
polyphenols. It was unclear whether this was due to the
palatability of the polyphenols or the different texture
and/or appearance of a mixed diet. In any case, the cats
appeared to become accustomed to this diet within
7-10 days and consumed enough of the diet to meet and
exceed the MER for the group. Therefore, there may be
a need to transition the cats to this diet gradually and
there may be a palatability threshold for polyphenol
inclusion. However, despite the high intake of the sup-
plemented diet, the cats lost 300 g on average (8% of
their starting bodyweight) during the study. This result
was intriguing and this effect should be elucidated.
Dietary supplementation with 0.1% olive polyphenols
had little-to-no clear effects on blood biochemistry,
haematology or cytokine/chemokine profiles of senior
domestic cats. This was surprising, given that a diet with
0.1% citrus polyphenols has been found to have physi-
ological effects and reduce proinflammatory cytokines
in mononuclear blood cells. It may be olive polyphenols
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may be required at a higher dose than citrus sources to
be physiologically active or that circulating cytokine
concentrations are less sensitive than cytokine mRNA
expression in mononuclear blood cells. Regardless,
dietary supplementation for senior cats to reduce oxi-
dative stress and inflammation is an important area of
research with increasing interest. Thus, more informa-
tion regarding dietary supplementation with polyphe-
nols is certainly needed, perhaps using (with care) a
slightly higher dose of polyphenol extract. It would be
worthwhile investigating the effects of dietary supple-
mentation with polyphenols on markers of oxidative
stress (e.g. reactive oxygen species or urinary isopros-
tanes) and anti-inflammatory cytokines (e.g. IL-10 and
TGFB) in domestic cats.
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