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ABSTRACT

The prevalence of obese cats has increased because of over calorie diet and physical inactivity.
Obesity has been found to be associated with oxidative stress and Reactive Oxygen Species (ROS).
Unfortunately oxidative stress status at the early phase of obesity in high fat fed cats 1s not well
understood. The objectives of this study were (1) To evaluate lipid and glucose metabolism using
enzymatic, hormonal and cxidative stress biomarkers at the early obese phase of cats fed on a
high-fat diet and (2) To identify rapidly changing variables to use as a diagnostic marker for lipid
metabolic disorders in cats. Total 12 domestic female cats were divided into two groups which were
fed on control and high-fat diet for eight weeks, respectively. After the feeding period, they were
compared in metabolic variables and oxidative stress markers in plasma and tissues. As results,
High-fat diet including much long chain fatty acids promoted rapid changes in lipid metabolism,
particularly accelerated f-oxidation of fatty acids and oxidative stress in the liver of the cats. GEPD,
GPx and SOD were increased in the liver. Insulin resistance was not apparent at the early phase
of obesity in cats. Plasma activities of SCD also increased at the early phase of obesity in cats.
Remarkable alternation for oxidative stress in liver was observed at the early phase of obesity
in ecats fed on high fat diet and SOD may be a potential marker of the early phase of cbesity
in cats.
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INTRODUCTION

Obesity has increased markedly in small domestic animals worldwide as in human. Some
evidence suggests that about 25% of cats brought to veterinary hospitals are cbese (Butterwick,
2000). Some evidence also indicates that fat accumulation in tissues is closely related to occurrence
of metabolic syndrome, diabetes mellitus, hepatic disorders, cardiovascular disease and cancers in
increasingly obese human populations (Higdon and Frei, 2003; Keaney et al., 2003; Suzuki et al.,
2003). Furthermore, obesity has been found to be associated with oxidative stress (IV’Archivio et al.,
2012) and Reactive Oxygen Species (ROS) which are the result of direct and indirect inflammatory
mediators and have significant. associations with obesity in humans (Dandona ef al., 2001). The
prevalence of obese cats has increased because of over calorie diet and physical inactivity, as in case
of humans. In addition, oxidative stress status by high-fat feeding at the early phase of obesity in
cats is not well understood. The deleterious effect of tissue fat accumulation on glucose metabolism
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was coined by Unger (2003) as the term “lipotoxicity”. And lipotoxicity-mediated dysfunction leads
insulin resistance followed by diabetes mellitus (Gehrmann et al., 2010). Thus, the objectives of this
study were (1) To evaluate lipid and glucose metabolism using enzymatic, hormonal and oxidative
stress biomarkers at the early phase of obesity in cats fed on high-fat diet (HFdiet) and {2) To
identify rapidly changing variables to use as diagnostic maker for lipid metabolic diseases in cats.

MATERIALS AND METHODS

Animals: In this study, 15 cats (domestic female, aged from 10 to 30 months, not spayved) were
used. Veterinarians diagnosed that they were healthy and without any clinical manifestations. All
cats were housed individually and maintained for eight weeks at AQS Co. Ltd. (Narita, Japan).
Cats were divided into two groups. One was a control group with five cats: mean£5D body weight
(BW): 2.4040.32 kg; age: 10+0 months. During the experimental period, these cats were fed on a
commercial diet (Zoo amimal diet ZIN for cats, Ormental Yeast Co. LTD., Tokyo, Japan). The
components of commercial diet were moisture (5.5%); crude protein (33.6%); crude fat (16%);
crude fiber (2.5%); crude ash (5.8%) and nitrogen free extract (35.9%). The caloric content was
4210 keal kg™'. The other eight cats (BW: 2.556+0.33 kg; Age: 14.946.7 months) were fed on a
high-fat diet (HF diet), made to order from Nippon Pet Food, Ine., (Tokyo, Japan). The composition
of the HF diet was moisture (7.0%); crude protein (32.7%); crude fat (23.9%); crude fiber (0.9%);
crude ash (5.5%) and nitrogen free extract (29.9%). The energy fat composition was 46.2% and
caloric content was 4660 keal kg™'. The fatty acid composition in the HF diet is shown in Table 1.
Cats in the two groups (control and HF diet) were fed on respective diets ad libitum for their
daily energy requirement (DER) from 9:00 AM to 8:30 AM of the next day. On the day for blood
sampling, any surplus diet was removed at 4:00 FM of the previous day. DER was calculated as
1.4xRER (BW0.75x70). RER is the resting energy requirement for each cat on the basis of its BW
before the meal at 9:.00 AM. Incidentally, before the experiment, all cats were maintained with the

Table 1: Components of fatty acids included in high-fat diet for cats

Components of fatty acids Ratio (%)
12:0 Lauric acid 0.0
14:0 Myristic acid 1.3
14:1 0.4
15:0 Pentadecylic acid 0.2
16:0 Palmitic 22.6
16:1 Palmitoleic 23
17:0 Margaric acid 0.4
171 0.3
18:0 Stearic acid 231
181 Oleic acid 35.7
18:2n-6 Linoleic acid 10.9
18:3n-3 Alpha-linolenic acid 04
20:0 Arachidic acid 05
20:1 0.3
20:4n-6 Arachidonic acid 0.2
22:0 Behenic acid 0.2
24:0 Lignoceric acid 0.0
Unidentified 1.2
Total 100.0
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same commercial diet (Zoo animal diet ZIN for cats, Oriental Yeast Co., Litd., Tokyo. Japan). Cats
were housed in individual cages and provided with water ad libitum. The animal room was
maintained at 24+2°C and at BB+10% relative humdity on a 12:12 h light: dark cyele (light on
8:00 AM to 800 PM). This study was approved by the Nippon Veterinary and Life Science

University Animal Eesearch Committee,

Blood sampling and collection of tissue samples: Preprandial blood (5 mL) was withdrawn
from the jugular vein of overnight fasted cats into heparinized tubes before and after the
control and HF diets feeding experiment. The blood samples were immediately centrifuged at
1700 g for 10 min at 4°C to obtain plasma and stored at -80°C until analyzed. And each two
animals of two groups were fasted for overnight and premeditated with 0.05 mg kg™! of BW
acepromazine malate (Tech America, KS, US) and anesthetized with isoflurane. Liver and
adipose tissues samples (0.2-0.3 g) were taken from the anesthetized animals by laparotomy
and all procedure were performed under minimal stress conditions to the animals. Cytosol
fractions of liver and adipose tissues were isolated by the previcus described method
{(Washizu et al, 1999). All fractions were prepared and stored at -80°C until
analyzed.

Plasma metabolic variables and oxidative stress markers: Plasma glucose, triglyceride (T()
and total chelestercl concentrations, lactate dehydrogenase (LDH), aspartate aminotransferase
{AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) activities were determined
using an auto analyzer with the manufacturer’s reagents (Monolis, Ine., Tokyo, Japan). Non
esterified fatty acids (NEFA) concentrations were measured using a commercial kit (NEFA-C
test, Wako Pure Chemical Industries, Tokyo, dJapan). Plasma adiponectin and insulin
concentrations were measured with a commercial kit, Mouse/Rat Adiponectin ELISA Kait,
(Otsuka, Tokyo, Japan) and Cat Insulin ELISA kit, (SHIBAYAGI Co., Gunma, Japan)
respectively. The insulin specific antibody contained in the Cat Insulin ELISA kit was shown
not to cross-react with pro-insulin. Plasma levels of glutathione peroxidase (GPx) and
superoxide dismutase (SOD) as antioxidant enzymes , malonaldehyde (MDA) as the cxidative
stress marker which are formed at the end of long oxidative processes were measured using
commercial kits (GPx: Colorimetric assay kit for glutathione peroxidase activity, Northwest Lafe
Science Specialties LLC, Vancouver, WA, USA; SOD: Colorimetric Assay for Superoxide Scavenging
Activity, Northwest Life Science Specialties LLC, Vancouver, WA, USA; MDA: Malondialdehyde
Assay kit, Northwest Life Science Specialties LLC, Vancouver, WA, USA). Glucose-6-phosphate
dehydrogenase (G6PD) activities as an antioxidant enzyme in cytosol fraction of liver and
subcutaneous fat were determined by spectrophotometric methods (Bergmeyer, 1984). Enzyme
activities in cytosol fractions are expressed as mlJ per mg of protein in the fractions. The enzyme
unit (U) was defined as 1 umoL of substrate degraded min™". Protein concentration in the fractions
was determined by the Bradford assay (Bradford, 1976) using bovine serum albumin as a
standard.

Histopathological analysis of hepatic cells: Hepatic tissues in cats fed on control diet and HF
diet were stained with Oil Red O. Each tissue preparation was assayed microscopically.
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Statistical analysis: Results are given as meanststandard deviations (50)). One-way ANOVA
with Holm-8idak multiple comparisons and Kruskal-Wallis with Dunn’s method on multiple
comparisons were used to compare groups for plasma analysis results. Statistical significance was
set at p<0.056 for One-way ANOVA. Statistical analysis was done using Sigmaplot software
(Sigmaplot 11.0, Build 11.0.077; Systat Software, Inc., San Jose, CA, USA),

RESULTS

Body weight and plasma metabolic parameters: Results of plasma metabolic parameters of
all cats are shown in Table 2. Control and HF diet cat showed significant body weight gains after
feeding for eight weeks (p = 0.003). Plasma AST and ALT activities of HF diet cats increased
significantly after HF diet feeding (AST: p = 0.003; ALT: p = 0.046). Insulin concentrations in
plasma of HF diet cats decreased significantly after HF diet feeding (p<0.001). Triglyceride
concentrations showed a downward trend and adiponectin and NEFA levels showed an upward
trend in HFE diet cats after HF diet feeding.

Oxidative stress markers in plasma and lipid metabolizing tissues: Figure 1 shows GPx and
SOD activities and MDA concentrations as oxidative stress markers in plasma of cats. Plasma SOD
activities of HF diet cats was significantly higher than after control diet cats. GPx activities
increased, but MDA concentration didn’t change in plasma of HE diet cats after 8 weeks feeding
periads. Table 3 shows activities of enzymes as oxidative stress marker in liver and subcutaneous
fat of two cats from each group as in liver of HF diet cats, GEPD, GPx and SOD activities increased
greatly compared to those of the control cats, whereas these three enzyme activities in adipose
tissue didn't change in HF diet cats.

Histopathological changes in liver of cats: Figure 2 shows the histopathological changes in
liver of the control diet cat (Fig. 2a) and HF diet cat (Fig. 2b) after feeding. Figure 2b showed that
numerous fat droplets were observed inside and outside cells. However, these hepatic cells had not,
vet become larger or undergone differentiation.

Table 2: Comparison of plasma metabolite and horomone concentrations and enzyme activities in control and high-fat diet cats

Control (n = 5) HF diet (n = 8)
Samples (m) Befare After Before After
Body weight (kg) 2.4040.32 2.5840.29 2.5540.33 3.23+0.53""
Glucose (mg dL ™) 766 T6+4 736 80<+11
Triglyceride (mg dL.™%) 4443 475 5218 44430
Total cholesterol (mg dL ™) 107+8 106+8 110+20 104+29
Insulin (ng mL~%) 2.104£0.31 1.45£0.19 2.38+0.21 1.67+0.23"
Adiponectin (ng mL~%) 5.80+2.72 5.63+2.66 4,80+2.69 7.09+2.50
NEFA (mEq L™ 0.37£0.07 0.62+0.36 0.45+0.10 0.6320.23
AST(IUL™ 26+2 31+2 2744 344"
ALT(IUL™ 55£11 6210 48+14 67127
ALP(IUL™ 93431 115+41 02451 123455
LDH (U L™ 93+23 123+38 137+46 143468

Values are presented as meansdSD, HF: High fat diet feeding cats, *: Significantly different from control diet cats after feeding
(Holm-sidak one-way ANOVA p<0.05), **: Significantly different from HF diet cats before feeding (Holm-sidak one-way ANOVA p<0.05)
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Fig. 1{a-c): Oxidative stress marker activities in plasma.Oxidative stress marker activities in cat,
plasma before and after feeding control diet and high-fat diet, {(a) Glutathione
peroxidase (GPx), (b) Superoxide dismutase (50D), (c) Malonaldehyde (MDA), Control
diet cats (n = 5). High-fat diet cats (n = 8). Results are expressed as MeanstSD. GFx
and MDA were used Holm-Sidak One-way ANOVA as normality test of them were
passed. SOD was used RKruskal-Wallis One-Way ANOVA and Dunn’s method on
multiple comparisons. *: Significantly different from after control diet cats (p<0.05)

DISCUSSION

Plasma metabolite concentrations reflect changes in the physical conditions of animals with
metabolic disorders (Downs et al., 1997; Pitkanen et af., 1999). Hormones and enzymes in plasma
are frequently used as diagnostic indicators of metabolic disorders (Neumann et al., 2008),
Inereases in plasma TG and ALT levels are clinical signs indicating fat accumulation in the hiver
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Table 3: GEPD, GPx and SOD activities in tissue of cats fed on control and HF diets

Liver Subcutaneous fat
Samples Age (month) Weight (kg) G6PD GPx 80D G6PD GPx 80D
Caontrol diet cat No.1 10 3.02 6.4 31.1 16.0 3.9 188.9 8.0
Control diet cat No. 2 10 252 81 77.0 18.0 6.2 68.6 6.0
High-fat diet cat No. 3 13 3.34 38.0 3521 34.0 11.3 29.0 4.0
High-fat diet cat No. 4 10 3.78 34.7 256.7 84.0 109 49.5 5.0

GEPD: Glucose-6-phosphate dehydrogenase, GPx: (Glutathione peroxidase, SOD: Superoxide dismutase HF: High fat diet, Enzyme

activities are presented as mU mg* protein

Fig. 2(a-b). Histopathological changes in liver of cats after 8 weeks feeding, (a) Hepatic cells in
control diet cat and (b) Hepatic cells in high-fat diet cat, both tissue preparations were
stained with Oil red O Magnification: 1000x

of animals (Hsiao et al., 2007; lacobellis et al., 2008). Understanding the physiological changes
induced by obesity could be used to prevent excess body fat accumulation and manage
obesity-induced diseases, such as diabetes mellitus and hyperlipidemia.

In this study, we examined some of these markers in order to evaluate lipid and glucose
metabolism and fatty acid exidation status at the early phase of obesity in cats fed on HF' diet for
eight weeks. Our results showed that some metabolic variables such as plasma glucose, triglyceride,
total cholesterol, adiponectin, NEFA, ALP and LDH did not change significantly despite significant,
gain in body weight after the HF diet feeding. In contrast, plasma ALT and AST activities in the
after HF diet cats were significantly higher than those in the controls. Increased ALT and AST
activities at the early phase of obesity in cats suggest that slight hepatic lesion was induced by
excess lipids into the liver. Thus, B-oxidation of fatty acid in the liver may be activated by feeding
cats with HF diet.

Previous reports indicated that HF diet containing much long chain fatty acids promoted fatty
acid P-oxidation and suppressed glycolysis in the liver. As a consequence, long chain fatty
acids accumulate to greater extent in body fat compared to medium chain fatty acids
(Papamandjaris et al., 1998, Geliebter e al., 1983). Long chain triacylglveerols fed rats have lower
oxygen consumption and sympathetic activation of brown adipose tissue than medium chain
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triacylglycerols fed rats (Rothwell and Stock, 1987; Young and Walgren, 1994). These long chain
fatty acids in the HF diet might promote p-oxidation in the cat liver. In hepatic cells, Radical
Oxygen Species (ROS) and lipoperoxide production are associated with acceleration of f-oxidation
of fatty acids in mitochondria which induces increased risk of hepatic inflammation and cirrhosis.
G6PD, GPx and S0OD activities in the livers of HF diet cats were higher than those in the control
cats. This finding indicated that G6PD, GPx and SOD activities in liver might be used highly
sensitive oxidative stress markers. GEPD activity was approximately 4 to 6-fold higher, GPx activity
was approximately 3 to 10-fold higher and SOD in hepatic tissue was 2 to 4-fold higher in the HF
diet cats compared to the control cats.

Some ewvidence for human type 2 diabetes mellitus patients have suggested a decrease in
anti-oxidant defense markers such as GPx and SOD and an increase in oxidative damage markers
such as MDA (Kasznicki ef al., 2012; Piwowar et al., 2007; Ziegler et al., 2004). These findings
didn’t agree with our present results. However, the above changes are reported in the type 2
diabetes mellitus patients with obesity for over several years. In obesity related human type2
diabetes mellitus, SOD activities in erythrocytes and plasma MDA concentrations increased
markedly and these findings indicated elevations of lipid oxidation in tissues (Moussa, 2008),
Also, total S0D activity and lLipid peroxdation were higher in diabetics compared to
non-diabetics (De Bandeira et al., 2012). Increased plasma SOD activities in obese cats with HF diet
possibly indicate defensive reaction against elevation of ROS production owing to accelerated
B-oxidation of excess fatty acids.

Table 4 shows a summary of changes in plasma metabolic parameters in obese cats referencing
previous studies (Tanner ef al., 2007; Fettman et al., 1998). Some similar metabolic changes are
observed in obese cats. Changes in plasma lipid concentrations as abnormality in lipid metabolism
precede changes in plasma glucose concentrations or occurrence of insulin resistance at the early
phase of cbesity in cats. However, Fettman et al. (1998) demonstrated that body weight gains were
remarkably correlated with plasma insulin concentrations. Plasma insulin concentrations may not
be an adequate responding marker for acute obesity but they may be a distinguishing marker for
chronic obesity for a long period. The obese cats in the study by Fettman ef al. (1998) exhibited
insulin resistance after six months of be obese.

Table 4: Changes in plasma metabolic parameters in obese cats

Subjects Period to Results of significant changing
References (n = sample No.) zaim weight Diets parameters after the experiment period
Fettman et al. (1998) n=-22 3 months c/d dry Hill's Triglyceride up

Neutered cats (female 11, ad lLibitum -lipoprotein up

male 11), From z-lipoprotein up

24-30 months old
After 6 months Insulin up

0.2 kg b.owt. up
Tanner ef al. (2007) n=21 3 months Adult mainetained CRP up
All spayed females diet ad libitum IL-6 up
Age? MDA up

Insulin down
0.68 kg b.wt. up

n=13 8 weeks High fat diet ALTup
Current study All nonspayed females ad Libitum AST up

From 10-30 SOD up

months old Insulin down
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Fig. 3. Flow chart of changing metabolic conditions in obese ecats due to high-fat diet

ROB: Reactive oxygen species

Lipid metabaolism 1s considered quickly to be responded alternatively at the early phase of
obesity in cats. Acceleration of f-oxidation of fatty acids may promote ROS production in the hiver
which would trigger the onset of inflammation in the obese cats. Oxidative stress induces insulin
resistance, glucose intolerance and diabetes mellitus in humans (Cerielle and Motz, 2004). Severe
oxidative stress and inflammation for a long period may result in damage of pancreatic f-cell with
low anti-oxidant activity (Valko et al., 2007). ROS at high concentrations cause disturbances both
in cell signaling and gene expression associated with lesions in pancreatic p-cells (Maechler ef al.,
1999). Consequently, oxidative stress and low grade inflammation may lead insulin resistance in
obese animal with abnormality in lipid metabolism (Fig. 3). Series of these changes in lipid
metabolism is summarized as lipotoxicity (Lora et al., 2013).

Unfortunately, we were unable to adequately determine oxidative stress marker activities in
lipid metabolizing tissues because of an insufficient number of cats. However, it was proved that
oxidative stress markers levels changed quickly in plasma of cbese cats reflecting oxidative status

in livers.

CONCLUSION

In Conclusions, Feeding a HF diet including several long chain fatty acids to cats promoted
rapid changes in lipid metabolism, such as accelerated B-oxidation of fatty acids leading oxidative
stress in the liver. Increasing anti-oxidative stress markers may be activated earlier in order to
defend against augmented ROS production in the liver. Similarly, SOD, an anti-oxidative stress
marker in plasma, increased significantly at the early phase of obesity in cats. At the early phase
of obesity in cats fed on HF diet, plasma adiponectin concentrations were considerably high and
plasma T, cholesterol and NEFA concentrations were maintained with the control ranges. Insulin
resistance was not apparent at the early phase of obesity in cats. Before Plasma metabolites and
hormones as diagnostic markers for hyperlipidemia and diabetes mellitus change remarkably,

oxidative stress 1s induced in liver in obese cats fed on HF diet. Our study indicated that alternation
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for oxidative stress was observed at the early phase of cbesity in cats fed on HF diet and plasma
S0OD activity may be a potential marker at the early phase of obesity in cats.
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