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ABSTRACT.	 To evaluate the effect of overfeeding on fatty acid distribution and metabolism, 
especially stearoyl-CoA desaturase-1 (SCD-1) indices, 8 cats in the experimental and control groups 
(4 per group) were evaluated in this study. The experiments involved feeding the experimental 
group cats twice their daily energy requirement with a commercial diet for 4 weeks. The control 
group was fed the estimated daily energy requirement with the same diet. Body weight, feline 
body mass index, body condition score, several zoometry measurements, and plasma metabolites/
hepatic injury markers were measured in all the cats before and after the experiment. In addition, 
the fatty acid profiles in the liver and subcutaneous adipose tissue were measured after the 
experiment. After 4 weeks of overfeeding, the experimental group demonstrated significant 
increases in hepatic C18:1, plasma triglyceride, and nonesterified fatty acid (NEFA) concentrations 
and in alanine aminotransferase activity. Furthermore, hepatic SCD-1 indices were positively 
correlated with body weight, feline body mass index, body condition score, and plasma NEFA 
concentration, although subcutaneous adipose tissue did not demonstrate any increase in SCD-1 
indices in this study. The increase in hepatic SCD-1 indices might be enhanced by the inflow of 
plasma NEFA into the liver, and NEFA toxicity might stimulate C18:1 synthesis by SCD-1.
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In Japan, the prevalence of felines that are overweight and obese is approximately 56% [22], suggesting that the risk of fat 
accumulation in the liver and adipose tissue is increasing. Increases in nonesterified fatty acid (NEFA) in the blood are derived 
from ectopic fat accumulation and prevent glucose (Glu) and lipid metabolism [26]. These deleterious effects have been termed 
lipotoxicity [28].

When lipotoxicity is considered, the histionic fatty acid profile is important. Saturated fatty acids (SFAs), particularly C16:0 and 
C18:0, induce strong lipotoxicity, leading to inflammation, insulin resistance, and subsequent hepatocyte apoptosis [17, 31].

Unsaturated fatty acids (UFAs), particularly C18:1 and omega-3 fatty acids, exert preventive effects against metabolic disorders 
[19, 27]. However, little information is available regarding the relationship between overfeeding and accumulated fatty acid 
composition in cats.

Stearoyl-CoA desaturase-1 (SCD-1), known as Δ-9 desaturase, synthesizes monounsaturated fatty acids (MUFAs: C16:1 and 
C18:1) from SFAs (C16:0 and C18:0) [1, 24]. SFAs, such as C16:0, stimulate SCD-1 mRNA expression in vitro [26]. Enzyme 
activity or the level of RNA expression should be directly measured to detect the potential effect of SCD-1 on health. However, 
the levels of SCD-1 indices C16:1/C16:0 and C18:1/C18:0 are more often used for practical or ethical reasons [1], although their 
effects on health are controversial.

Some researchers have reported protective effects of SCD-1 [12, 17, 26]. Additionally, a recent report stated that SCD-
1 inhibition promotes SFA-induced atherosclerosis in mice [5]. This previous study demonstrated that SCD-1 antisense 
oligonucleotide treatment in mice with an SFA diet produced a 2.7-fold increase in the total aortic lesion area compared to 
that from control SCD-1 antisense oligonucleotide treatment. The study hypothesized that hepatic SCD-1 inhibition stimulates 
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inflammation by macrophages via the secretion of SFA-rich very-low-density lipoproteins, followed by the secretion of SFA-rich 
low-density lipoproteins. Furthermore, Li et al. [17] reported that SCD-1 inhibition in hepatocytes increases cell sensitivity to SFA-
induced apoptosis. These data suggest that hepatic desaturation by SCD-1 may be a protective mechanism against SFA-mediated 
lipotoxicity.

Conversely, other researchers have reported the negative effects of SCD-1 activation, such as a deterioration of fat accumulation 
[25], metabolic syndrome [1], insulin resistance [26], and hepatic steatosis [17]. The inhibition of SCD-1 has been targeted for the 
treatment of obesity, metabolic syndrome, and type 2 diabetes [1, 8].

Overfeeding contributes to metabolic deterioration during the early phases of obesity [21]. To the best of the authors’ knowledge, 
no studies on SCD-1 have been reported in cats. The aim of this study was to evaluate the effect of overfeeding on fatty acid 
distribution in the liver and subcutaneous adipose tissue as well as to assess fatty acid metabolism, especially SCD-1 indices, in cats.

MATERIALS AND METHODS

Animals
Eight intact cross-bred male cats (1–2 years old, nonlittermates) were utilized. Four cats [body weight (BW) 3.9 ± 0.2 kg and 

body condition score (BCS) 3.3 ± 0.3] were defined as the experimental group and fed a commercial diet [Royal Canin Sensible 
33, Royal Canin Japon, Inc., Minato, Japan; moisture, 7.0%; crude protein, 33.0%; ether extract, 22.0%; crude fiber, 2.8%; crude 
ash, 6.8%; metabolizable energy (ME)/100 g, 443.6 kcal] consisting of 2/3 of their daily energy requirement (DER; 1.4 × 70× 
BW0.75 kcal) 3 times daily, at 9:00 am, 1:00 pm, and 5:00 pm (the total amount was designated as 2-fold their DER), for 4 weeks.

Four cats [BW 3.7 ± 0.2 kg, BCS 2.8 ± 0.3] were defined as the control group and fed the same diet given to the experimental 
group consisting of half their DER 2 times daily at 9:00 am and 5:00 pm (the total amount was designated as their DER) for 
4 weeks.

The amount of food consumption and leftovers was recorded daily. The cats were housed in individual cages at a temperature of 
24 ± 2°C and a relative humidity of 55.0 ± 10.0% with a 12:12 hr light:dark cycle (lights on: 8:00 am to 8:00 pm) at the AQS Co., 
Ltd. (Narita, Japan).

The BW, BCS, head and body length (HBL), length from the top of patella to the end of calcaneus (PCL), neck girth (NG), chest 
girth (CG), abdominal girth (AG), and hip girth (HG) were measured before and after the experiment. The BCS was determined 
using the following five-point scale: 1, thin; 2, lean; 3, ideal; 4, overweight; and 5, obese. HBL was determined by the length from 
the top of the nose to the joint between the sacrum and the coccyx. The PCL was determined by the length from the top of patella 
to the end of calcaneus. NG, CG, AG, and HG were determined by the circumference of the atlas, 6–7th rib, 13th rib, and pelvis, 
respectively. These zoometry measurements were measured using a commercial tape measure. The feline body mass index (fBMI) 
was calculated with the following formula: BW (kg)/PCL (m) [13].

All procedures and protocols were performed in accordance with the Ethical Codes for Laboratory Animal established by the 
Nippon Veterinary and Life Science University.

Blood and tissue sample collection
Preprandial blood was drawn from the jugular vein into heparinized plastic tubes concurrently with BW measurements. The 

blood samples were immediately centrifuged at 3,000 rpm for 5 min in a refrigerated centrifuge (4°C) to obtain plasma. The 
samples were stored at −25°C for further use.

At the end of each experimental period, the cats were premedicated with 0.1 mg/kg BW of Medetomidine (Domitor, Meiji Co., 
Ltd., Tokyo, Japan) after overnight fasting and then anesthetized with isoflurane. Then, laparotomy was performed, and 5 g of liver 
and abdominal subcutaneous adipose tissue samples were immediately obtained from all the cats under minimal stress conditions to 
the animal. The tissue samples were immediately stored at −80°C for further use.

Plasma biomarker analysis
Plasma Glu, triglyceride (TG), total cholesterol (T-Cho), and total protein (TP) concentrations as well as alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) activities were determined using an 
autoanalyzer (AU2700, Olympus Corp., Tokyo, Japan) with the manufacturer’s reagents. Plasma NEFA and insulin concentrations 
were determined using a commercial kit (NEFA-C test WAKO, Wako Pure Chemical Industries, Ltd., Osaka, Japan, and Cat Insulin 
ELISA kit, SHIBAYAGI Co., Ltd., Shibukawa, Japan, respectively).

Fatty acid sample preparation and profiling analysis
Fat that accumulated in the liver and subcutaneous adipose tissues was extracted with chloroform/methanol [(2/1; v/v)] using a 

modification of the method of Folch et al. [11]. Fatty acid profiles were measured as methyl esters using a gas chromatograph (GC-
2000 Shimadzu Gas Chromatograph, Shimadzu Corp., Kyoto, Japan) with a 0.2 µm (film thickness) × 0.25 mm (internal diameter) 
× 100 m capillary column (RT-2560, Shimadzu GLC Ltd., Tokyo, Japan) and a flame ionization detector.

Statistical analysis
The values are expressed as the means ± standard error. Statistically significant differences between the experimental and control 

groups were assessed using the Mann-Whitney U-test. To identify the statistical power between the experimental group and control 
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group for SCD-1 indices, a post hoc power analysis was performed using software (G* Power 3.1, Kiel University, Germany) [9].
To identify the relationships of SCD-1 indices with zoometry and plasma metabolites, Pearson’s regression analysis was 

performed, and a regression coefficient was obtained. BW, fBMI, BCS, Glu, TG, NEFA, T-Cho, Insulin, TP, ALT, AST, and LDH 
were each set as dependent values. Each SCD-1 index (C16:1/C16:0 and C18:1/C18:0) was set as an independent value. Statistical 
significance was set at P<0.05.

RESULTS

Zoometry measurements and plasma biomarker analysis
After 4 weeks of overfeeding, the BW, fBMI, BCS, NG, AG, HG, plasma TG, NEFA, TP concentration, and plasma ALT activity 

in the experimental group were significantly higher than those in the control group (P<0.05) (Table 1). No significant differences 
were found between the experimental and control groups before initiating this experiment.

Fatty acid profiling
After overfeeding, the C18:1 level in the livers of the experimental group were significantly increased compared to those in 

the livers of the control group (P<0.05) (Table 2). The 3 most abundant fatty acids (in descending order) in the livers from the 
experimental group were C18:2, C18:0, and C18:1, and the most abundant fatty acids from the control group were C18:0, C18:2, 
and C16:0. These 3 fatty acids in the livers from the experimental and control groups comprised 62.33 and 57.49%, respectively, of 
the total fatty acids. The statistical power of each SCD-1 index in the liver between the experimental and control groups was 0.36 
and 0.35, respectively.

The C10:0, C14:0, C20:4, C20:5 and C22:6 levels were significantly increased, and C20:0 was significantly decreased in the 
subcutaneous adipose tissue of the experimental group compared to that of the control group (Mann-Whitney U-test, P<0.05) 
(Table 2).

The 3 most abundant fatty acids in the subcutaneous adipose tissue from both the experimental and control groups (in 
descending order) were C18:1, C16:0, and C18:2, and they comprised 73.13 and 77.90%, respectively, of the total fatty acids. The 
statistical power of each SCD-1 index in subcutaneous adipose tissue between the experimental and control groups was 0.05 and 
0.25, respectively.

The hepatic SCD-1 indices C16:1/C16:0 and C18:1/C18:0 demonstrated significant positive correlations with BW, fBMI, BCS, 
and NEFA concentration after overfeeding (P<0.05) (Tables 3 and 4). The SCD-1 indices in subcutaneous adipose tissue did not 
show any significant correlations with zoometry measurements or plasma metabolites.

Table 1.	 Comparison of zoometry measurements and plasma biomarkers before and after 4 weeks of overfeeding in the experimental and 
control group cats

0 week 4 weeks
Experiment (4) Control (4) P value Experiment (4) Control (4) P value

Zoometry measurements
BW (kg) 3.9 ± 0.2 3.7 ± 0.2 0.38 4.7 ± 0.3a) 3.7 ± 0.2 0.03
fBMI (kg/m) 26.4 ± 0.8 24.6 ± 1.4 0.25 33.1 ± 1.8a) 25.1 ± 1.3 0.02
BCS (/5) 3.3 ± 0.3 2.8 ± 0.3 0.19 4.3 ± 0.3a) 2.8 ± 0.3 0.02
HBL (cm) 56.5 ± 0.7 57.6 ± 1.5 0.56 56.4 ± 1.6 56.3 ± 1.4 1.00
PCL (cm) 14.6 ± 0.5 14.9 ± 0.5 0.56 14.3 ± 0.5 14.6 ± 0.4 0.77
NG (cm) 19.9 ± 0.5 19.9 ± 0.3 1.00 21.0 ± 0.4a) 18.8 ± 0.5 0.03
CG (cm) 30.3 ± 1.0 30.8 ± 1.0 0.77 32.8 ± 0.9 30.3 ± 0.7 0.06
AG (cm) 35.0 ± 1.1 35.3 ± 1.2 0.88 39.1 ± 1.8a) 34.9 ± 0.8 0.02
HG (cm) 30.9 ± 1.3 31.0 ± 1.2 0.88 34.8 ± 1.9a) 30.0 ± 0.8 0.04

Plasma metabolites
Glu (mg/dl) 117.8 ± 18.9 162.3 ± 18.1 0.15 148.0 ± 24.2 141.3 ± 19.8 0.88
TG (mg/dl) 28.8 ± 5.5 23.8 ± 2.3 0.77 48.3 ± 3.8a) 21.8 ± 1.4 0.02
NEFA (mEq/l) 0.29 ± 0.06 0.21 ± 0.01 0.25 0.38 ± 0.02a) 0.27 ± 0.01 0.02
T-cho (mg/dl) 122.8 ± 3.4 133.5 ± 13.7 0.88 191.8 ± 9.4 200.8 ± 16.1 0.38
Insulin (ng/ml) 1.8 ± 0.1 2.5 ± 0.4 0.25 1.6 ± 0.1 1.7 ± 0.1 0.08
TP (mg/dl) 6.4 ± 0.1 6.2 ± 0.2 0.66 6.8 ± 0.1a) 6.1 ± 0.1 0.02
ALT (IU/l) 69.3 ± 7.2 64.5 ± 2.1 1.00 131.3 ± 14.2a) 68.0 ± 4.1 0.02
AST (IU/l) 18.3 ± 0.9 20.0 ± 2.7 0.77 34.3 ± 6.6 35.3 ± 6.4 1.00
LDH (IU/l) 103.5 ± 14.0 71.8 ± 8.1 0.15 132.8 ± 36.5 105.0 ± 23.9 0.66

Values are presented as means ± standard error. The numbers in parenthesis indicate the number of animals examined. a) Significantly different from the 
control group (Mann-Whitney U-test, P<0.05). BW: Body weight, fBMI: feline body mass index, BCS: Body condition score, HBL: Head and body length, 
PCL: length from the top of patella to the end of calcaneus, NG: Neck girth, CG: Chest girth, AG: Abdominal girth, HG: Hip girth, Glu: Glucose, TG: 
Triglyceride, NEFA: Non-esterified fatty acid, T-Cho: Total cholesterol, TP: Total protein, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, 
LDH: Lactate dehydrogenase.
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DISCUSSION

The determinants of the fatty acid profiles in tissue were species specificity, diet, and metabolism (elongation, desaturation, and 
saturation). The fatty acid profile in feline adipose tissue was similar to that in humans, and the 3 most abundant fatty acids in the 

Table 2.	 Comparison of the fatty acid profiles in the liver and subcutaneous adipose tissue after 4 weeks of overfeeding in the 
experimental and control group cats

(%)
Liver Subcutaneous adipose tissue

Experiment (4) Control (4) P value Experiment (4) Control (4) P value
C8:0 1.00 ± 0.45 6.26 ± 3.16 0.39 0.09 ± 0.01 0.07 ± 0.01 0.25
C10:0 0.05 ± 0.05 3.05 ± 1.77 0.32 0.44 ± 0.09a) 0.18 ± 0.04 0.02
C12:0 1.26 ± 0.66 3.01 ± 0.99 0.25 5.75 ± 0.62 3.40 ± 1.05 0.08
C14:0 1.93 ± 0.14 1.04 ± 0.41 0.25 5.94 ± 0.39a) 4.12 ± 0.33 0.02
C14:1 1.33 ± 0.45 0.62 ± 0.16 0.15 0.49 ± 0.01 0.46 ± 0.03 0.56
C16:0 16.97 ± 0.45 14.70 ± 2.50 0.39 22.78 ± 0.55 22.62 ± 0.39 1.00
C16:1 3.15 ± 0.76 1.62 ± 0.38 0.08 4.03 ± 0.07 3.51 ± 0.54 0.25
C18:0 21.61 ± 2.55 22.44 ± 1.90 0.77 7.17 ± 0.40 7.96 ± 0.48 0.25
C18:1 17.90 ± 2.46a) 12.16 ± 1.56 0.04 30.26 ± 1.22 34.65 ± 1.73 0.08
C18:2 22.82 ± 0.68 20.35 ± 1.91 0.56 20.10 ± 0.63 20.62 ± 0.49 0.39
C18:3 0.60 ± 0.35 1.27 ± 0.87 0.77 1.36 ± 0.11 0.96 ± 0.10 0.08
C20:0 0.12 ± 0.07 0.14 ± 0.10 1.00 0.17 ± 0.02a) 0.24 ± 0.00 0.02
C20:1 0.08 ± 0.05 0.12 ± 0.08 0.76 0.40 ± 0.05 0.56 ± 0.06 0.08
C20:4 9.51 ± 0.94 8.79 ± 0.52 0.77 0.40 ± 0.01a) 0.29 ± 0.02 0.02
C20:5 0.80 ± 0.47 2.49 ± 1.02 0.24 0.36 ± 0.03a) 0.15 ± 0.01 0.02
C22:6 0.91 ± 0.55 1.94 ± 1.23 0.55 0.26 ± 0.01a) 0.19 ± 0.03 0.04
SFAs 42.93 ± 3.18 50.64 ± 1.97 0.08 42.34 ± 1.11 38.60 ± 1.70 0.15
UFAs 57.08 ± 3.17 49.36 ± 1.97 0.08 57.66 ± 1.11 61.40 ± 1.70 0.15
C16:1/C16:0 0.19 ± 0.05 0.11 ± 0.01 0.25 0.18 ± 0.01 0.16 ± 0.03 0.25
C18:1/C18:0 0.89 ± 0.21 0.54 ± 0.05 0.15 4.26 ± 0.26 4.41 ± 0.40 0.77

Values are presented as means ± standard error. The numbers in parentheses indicate the number of animals examined. a) Significantly different from 
the control group (Mann-Whitney U-test, P<0.05). SFAs: Saturated fatty acids, UFAs: Unsaturated fatty acids.

Table 3.	 Correlations between stearoyl CoA desaturase-1 (SCD-1) indices in 
liver or subcutaneous adipose tissue and zoometry measurements after 4 
weeks of overfeeding in cats

BW fBMI BCS
SCD-1 indices in liver

C16:1/C16:0 0.80a) 0.82a) 0.73a)

C18:1/C18:0 0.79a) 0.83a) 0.76a)

SCD-1 indices in subcutaneous adipose tissue
C16:1/C16:0 0.08 0.16 0.40
C18:1/C18:0 0.19 0.35 0.62

Values are presented as regression coefficients. a) Significant correlation by Pearson’s 
regression analysis (P<0.05). BW: Body weight, fBMI: feline body mass index, BCS: 
Body condition score.

Table 4.	 Correlations between stearoyl CoA desaturase-1 (SCD-1) indices in liver or subcutaneous adipose tissue and plasma metabolites after 
4 weeks of overfeeding in cats

Glu TG NEFA T-cho Insulin TP ALT AST LDH
SCD-1 indices in liver

C16:1/C16:0 −0.42 0.47 0.75a) −0.36 −0.08 0.53 0.56 −0.58 −0.14
C18:1/C18:0 −0.36 0.54 0.74a) −0.22 −0.04 0.42 0.62 −0.48 −0.03

SCD-1 indices in subcutaneous adipose tissue
C16:1/C16:0 0.37 0.23 0.09 0.25 −0.07 0.28 0.24 0.05 0.36
C18:1/C18:0 0.38 0.57 0.30 −0.16 −0.05 0.43 0.49 0.58 0.39

Values are presented as regression coefficients. a) Significant correlation by Pearson's regression analysis (P<0.05). Glu: Glucose, TG: Triglyceride, NEFA: Non-
esterified fatty acid, T-cho: Total cholesterol, TP: Total protein, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, LDH: Lactate dehydrogenase. 
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tissues from humans (in descending order) were C18:1, C16:0, C18:2 [15], which agreed with our results.
Subcutaneous adipose tissue primarily operates as a storage organ for excessive dietary fat during overfeeding. Field et al. [10] 

showed that the ratio of dietary polyunsaturated fatty acids/SFAs was significantly related to the saturated and polyunsaturated 
content of subcutaneous adipose tissue. van Niel and Beynen also reported a strong correlation in C18:2 and C18:3 levels between 
diet and subcutaneous adipose tissue in cats [30], as in other species [16, 18, 20, 29]. In our previous trial [14], the fatty acid profile 
in subcutaneous adipose tissue in experimental and control cats also reflected the dietary fatty acid profile. However, the dietary 
effects were not controlled in the previous trial because diets containing different percentages of fat were given in each group; the 
experimental cats were fed a high-fat diet, and the control cats were fed a moderate-fat diet. To prevent dietary effects, an identical 
diet was used in the current study.

The main source of fat is poultries fat in the used diet. According to the USDA Food Composition Databases (https://ndb.
nal.usda.gov/ndb/), the chicken oil, rather than the oil from turkey poultry [6], is the more similar to the fatty acid profile in 
subcutaneous adipose tissue in the current study. Thus, fatty acid profile in the subcutaneous adipose tissue mainly reflected that in 
chicken oil.

C16:0 is an end product of fatty acid biosynthesis [3]. The significant differences in C14:0 in subcutaneous adipose tissue may 
suggest minor interference with elongation of C14:0 to C16:0 during overfeeding. However, the impact on the fatty acid profile 
is relatively small. In addition, the significant differences in the fatty acid profile between the experimental and control groups in 
subcutaneous adipose tissue were within 2.00%. Thus, subcutaneous adipose tissue showed a similar fatty acid profile pattern in 
both the experimental and control groups (post hoc power analysis). Similarly, the nonsignificant differences in the SCD-1 indices 
from subcutaneous adipose tissue between the experimental and control groups suggest that SCD-1 in subcutaneous adipose tissue 
was not activated by overfeeding.

Conversely, both hepatic SCD-1 indices showed significant correlations with plasma NEFA concentration. These differences 
between subcutaneous adipose tissue and liver suggest a specific fatty acid metabolism in the liver during overfeeding. Increased 
hepatic SCD-1 indices after overfeeding might be enhanced by an increased inflow of plasma NEFA into the liver in cats. An 
excess of chylomicrons induced by overfeeding is catabolized by lipoprotein lipase found in several tissues, such as adipose 
tissue and muscle, and synthesizes NEFAs [4]. Although most NEFAs were absorbed into the adipose tissue, the remainder, which 
exceeds the absorbency ability, is maintained in the blood and contributes to increasing its concentration in blood. An increase 
in the plasma NEFA concentration has been reported to accelerate β-oxidation and the subsequent synthesis of reactive oxygen 
species in the liver [23]. The toxicity of NEFA might stimulate the synthesis of C18:1 by SCD-1. Finally, the increase in MUFAs, 
especially C18:1, contributed to the reduced occupancy of SFA in the liver. These sequential hepatic metabolism steps might 
increase the antioxidant capacity by MUFAs [2] and might reduce the harmful effect of SFA in the liver [17, 31].

According to the mild increase in fat accumulation and hepatic injury markers after overfeeding, the experimental group was 
considered to have early stage hepatic steatosis before hepatic lipidosis. In humans, the development of nonalcoholic steatohepatitis 
(NASH) is explained as “two-hit-theory” [7]. In the first step, hepatic fat accumulation and steatosis is developed without severe 
inflammation and symptoms by hypernutrition and lack of exercise. Oxidative stress and lipid peroxidation, the second step, 
contribute to mitochondrial injury, the release of inflammatory cytokines, insulin resistance, and further hepatic inflammation. The 
experimental group in our study countervailed the first step of NASH in humans [17]. The progression of the pathophysiology 
should be interrupted at this first stage.

To treat or prevent hepatic lipidosis, dietary C18:1 may compensate for the synthesis of C18:1 by hepatic SCD-1. However, as 
shown by the elevated ALT activity in the experimental group after overfeeding, the protective effect of MUFAs appeared to be 
insufficient for the liver. To avoid damage to the liver, additional treatments, such as supplementation with several antioxidants, 
may be needed.

Unfortunately, this study did not show any significant differences in SCD-1 indices between the experimental and control groups 
due to the low statistical power, which was related to animal ethics standards. Additionally, our research did not include any 
oxidative stress markers. Further research is needed to show the mechanism of SCD-1 and MUFAs in protecting against oxidative 
stress.

In conclusion, this study demonstrated differences in fatty acid profiles and metabolism in the liver and subcutaneous adipose 
tissues. After overfeeding, the experimental and control groups had similar fatty acid profiles in the subcutaneous adipose tissue. 
However, an increase in hepatic C18:1 levels in the experimental group and relationships among BW, fBMI, BCS, plasma NEFA 
concentration and hepatic SCD-1 indices were demonstrated. The increase in hepatic SCD-1 indices after overfeeding might be 
enhanced by the increased inflow of plasma NEFA into the liver in cats.

REFERENCES

	 1.	 Bjermo, H. and Risérus, U. 2010. Role of hepatic desaturases in obesity-related metabolic disorders. Curr. Opin. Clin. Nutr. Metab. Care 13: 
703–708. [Medline]  [CrossRef]

	 2.	 Bonanome, A., Pagnan, A., Biffanti, S., Opportuno, A., Sorgato, F., Dorella, M., Maiorino, M. and Ursini, F. 1992. Effect of dietary 
monounsaturated and polyunsaturated fatty acids on the susceptibility of plasma low density lipoproteins to oxidative modification. Arterioscler. 
Thromb. 12: 529–533. [Medline]  [CrossRef]

	 3.	 Botham, K. M. and Mayes, P. A. 2018. Biosynthesis of fatty acids & eicosanoids. pp. 216–228. In: Haper’s Illustrated Biochemistry, 31th ed. 
(Rodwell, V. W., Bender, D. A., Botham, K. M., Botham, K. M., Kenelly, P. J., Weil, P. A. eds.), McGraw-Hill Education, New York.

	 4.	 Botham, K. M. and Mayes, P. A. 2018. Lipid transport & storage. pp. 236–248. In: Haper’s Illustrated Biochemistry, 31th ed. (Rodwell, V. W., 

http://www.ncbi.nlm.nih.gov/pubmed/20823776?dopt=Abstract
http://dx.doi.org/10.1097/MCO.0b013e32833ec41b
http://www.ncbi.nlm.nih.gov/pubmed/1558840?dopt=Abstract
http://dx.doi.org/10.1161/01.ATV.12.4.529


FATTY ACID PROFILE AFTER OVERFEEDING

1085doi: 10.1292/jvms.19-0105

Bender, D. A., Botham, K. M., Botham, K. M., Kenelly, P. J., Weil, P. A. eds.), McGraw-Hill Education, New York.
	 5.	 Brown, J. M., Chung, S., Sawyer, J. K., Degirolamo, C., Alger, H. M., Nguyen, T., Zhu, X., Duong, M. N., Wibley, A. L., Shah, R., Davis, M. A., 

Kelley, K., Wilson, M. D., Kent, C., Parks, J. S. and Rudel, L. L. 2008. Inhibition of stearoyl-coenzyme A desaturase 1 dissociates insulin resistance 
and obesity from atherosclerosis. Circulation 118: 1467–1475. [Medline]  [CrossRef]

	 6.	 Chung, R. A., Lien, T. C. and Munday, R. A. 1967. Fatty acid composition of turkey meat as affected by dietary fat cholesterol and 
diethylstilbestrol. J. Food Sci. 32: 169–192.  [CrossRef]

	 7.	 Day, C. P. and James, O. F. W. 1998. Steatohepatitis: a tale of two “hits”? Gastroenterology 114: 842–845. [Medline]  [CrossRef]
	 8.	 Dobrzyn, A. and Ntambi, J. M. 2005. Stearoyl-CoA desaturase as a new drug target for obesity treatment. Obes. Rev. 6: 169–174. [Medline]  

[CrossRef]
	 9.	 Faul, F., Erdfelder, E., Lang, A. G. and Buchner, A. 2007. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and 

biomedical sciences. Behav. Res. Methods 39: 175–191. [Medline]  [CrossRef]
	10.	 Field, C. J., Angel, A. and Clandinin, M. T. 1985. Relationship of diet to the fatty acid composition of human adipose tissue structural and stored 

lipids. Am. J. Clin. Nutr. 42: 1206–1220. [Medline]  [CrossRef]
	11.	 Folch, J., Lees, M. and Sloane Stanley, G. H. 1957. A simple method for the isolation and purification of total lipides from animal tissues. J. Biol. 

Chem. 226: 497–509. [Medline]
	12.	 Fujiwara, M., Mori, N., Sato, T., Tazaki, H., Ishikawa, S., Yamamoto, I. and Arai, T. 2015. Changes in fatty acid composition in tissue and serum of 

obese cats fed a high fat diet. BMC Vet. Res. 11: 200. [Medline]  [CrossRef]
	13.	 Iwazaki, E., Kimura, N., Kawasumi, K., Tatsuta, Y. and Arai, T. 2015. Development of new feline body mass index and its clinical application. J. 

Vet. Med. Sci. 1: 61–69.
	14.	 Iwazaki, E., Tatsuta, Y. and Kimura, N. 2016. Effects of rapid weight gain/loss on stearoyl-CoA desaturase indices in liver and adipose tissues in 

cats. J. Comp. Integr. Med. 24: 3–9.
	15.	 Kagawa, M., Matsubara, K., Kimura, K., Shiono, H. and Fukui, Y. 1996. Species identification by the positional analysis of fatty acid composition 

in triacylglyceride of adipose and bone tissues. Forensic Sci. Int. 79: 215–226. [Medline]  [CrossRef]
	16.	 Larick, D. K., Turner, B. E., Schoenherr, W. D., Coffey, M. T. and Pilkington, D. H. 1992. Volatile compound content and fatty acid composition of 

pork as influenced by linoleic acid content of the diet. J. Anim. Sci. 70: 1397–1403. [Medline]  [CrossRef]
	17.	 Li, Z. Z., Berk, M., McIntyre, T. M. and Feldstein, A. E. 2009. Hepatic lipid partitioning and liver damage in nonalcoholic fatty liver disease: role of 

stearoyl-CoA desaturase. J. Biol. Chem. 284: 5637–5644. [Medline]  [CrossRef]
	18.	 Lin, D. S., Connor, W. E. and Spenler, C. W. 1993. Are dietary saturated, monounsaturated, and polyunsaturated fatty acids deposited to the same 

extent in adipose tissue of rabbits? Am. J. Clin. Nutr. 58: 174–179. [Medline]  [CrossRef]
	19.	 Mazaki-Tovi, M., Abood, S. K. and Schenck, P. A. 2012. Effect of omega-3 polyunsaturated fatty acids and body condition on serum concentrations 

of adipokines in healthy dogs. Am. J. Vet. Res. 73: 1273–1281. [Medline]  [CrossRef]
	20.	 Mills, S., Searle, T. and Evans, R. 1979. Long-term effects of feeding protected sunflower seed supplement on the composition of body fat in 

growing sheep. Aust. J. Biol. Sci. 32: 457–462.  [CrossRef]
	21.	 Mori, A., Lee, P., Takemitsu, H., Iwasaki, E., Kimura, N., Yagishita, M., Hayasaka, M. and Arai, T. 2009. Decreased gene expression of insulin 

signaling genes in insulin sensitive tissues of obese cats. Vet. Res. Commun. 33: 315–329. [Medline]  [CrossRef]
	22.	 Mori, N., Iwasaki, E., Okada, Y., Kawasumi, K. and Arai, T. 2016. Overall prevalence of feline overweight/obesity in Japan as determined froma 

cross-sectional sample pool of healthy veterinary clinic-visiting cats in Japan. Turk. J. Vet. Anim. Sci. 40: 304–312.  [CrossRef]
	23.	 Mori, N., Li, G., Fujiwara, M., Ishikawa, S., Kawasumi, K., Yamamoto, I. and Arai, T. 2014. Lipotoxicity observed at the early phase of obesity in 

cats fed on high-fat diet. Asian J. Anim. Vet. Adv. 9: 134–143.  [CrossRef]
	24.	 Nakamura, M. T. and Nara, T. Y. 2004. Structure, function, and dietary regulation of delta6, delta5, and delta9 desaturases. Annu. Rev. Nutr. 24: 

345–376. [Medline]  [CrossRef]
	25.	 Ntambi, J. M., Miyazaki, M., Stoehr, J. P., Lan, H., Kendziorski, C. M., Yandell, B. S., Song, Y., Cohen, P., Friedman, J. M. and Attie, A. D. 2002. 

Loss of stearoyl-CoA desaturase-1 function protects mice against adiposity. Proc. Natl. Acad. Sci. U.S.A. 99: 11482–11486. [Medline]  [CrossRef]
	26.	 Peter, A., Weigert, C., Staiger, H., Machicao, F., Schick, F., Machann, J., Stefan, N., Thamer, C., Häring, H. U. and Schleicher, E. 2009. Individual 

stearoyl-coa desaturase 1 expression modulates endoplasmic reticulum stress and inflammation in human myotubes and is associated with skeletal 
muscle lipid storage and insulin sensitivity in vivo. Diabetes 58: 1757–1765. [Medline]  [CrossRef]

	27.	 Salvadó, L., Coll, T., Gómez-Foix, A. M., Salmerón, E., Barroso, E., Palomer, X. and Vázquez-Carrera, M. 2013. Oleate prevents saturated-fatty-
acid-induced ER stress, inflammation and insulin resistance in skeletal muscle cells through an AMPK-dependent mechanism. Diabetologia 56: 
1372–1382. [Medline]  [CrossRef]

	28.	 Unger, R. H. 2003. Lipid overload and overflow: metabolic trauma and the metabolic syndrome. Trends Endocrinol. Metab. 14: 398–403. [Medline]  
[CrossRef]

	29.	 Valero-Garrido, D., López-Frías, M., Llopis, J. and López-Jurado, M. 1990. Influence of dietary fat on the lipid composition of perirenal adipose 
tissue in rats. Ann. Nutr. Metab. 34: 327–332. [Medline]  [CrossRef]

	30.	 van Niel, M. H. and Beynen, A. C. 1997. The intake of polyunsaturated fatty acids by cats is reflected in their adipose tissue. Vet. Q. 19: 150–153. 
[Medline]  [CrossRef]

	31.	 Zhao, M., Zang, B., Cheng, M., Ma, Y., Yang, Y. and Yang, N. 2013. Differential responses of hepatic endoplasmic reticulum stress and 
inflammation in diet-induced obese rats with high-fat diet rich in lard oil or soybean oil. PLoS One 8: e78620. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/18794388?dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.793182
http://dx.doi.org/10.1111/j.1365-2621.1967.tb01285.x
http://www.ncbi.nlm.nih.gov/pubmed/9547102?dopt=Abstract
http://dx.doi.org/10.1016/S0016-5085(98)70599-2
http://www.ncbi.nlm.nih.gov/pubmed/15836467?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2005.00177.x
http://www.ncbi.nlm.nih.gov/pubmed/17695343?dopt=Abstract
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/4072956?dopt=Abstract
http://dx.doi.org/10.1093/ajcn/42.6.1206
http://www.ncbi.nlm.nih.gov/pubmed/13428781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26268360?dopt=Abstract
http://dx.doi.org/10.1186/s12917-015-0519-1
http://www.ncbi.nlm.nih.gov/pubmed/8682417?dopt=Abstract
http://dx.doi.org/10.1016/0379-0738(96)01915-9
http://www.ncbi.nlm.nih.gov/pubmed/1526908?dopt=Abstract
http://dx.doi.org/10.2527/1992.7051397x
http://www.ncbi.nlm.nih.gov/pubmed/19119140?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M807616200
http://www.ncbi.nlm.nih.gov/pubmed/8338044?dopt=Abstract
http://dx.doi.org/10.1093/ajcn/58.2.174
http://www.ncbi.nlm.nih.gov/pubmed/22849688?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.73.8.1273
http://dx.doi.org/10.1071/BI9790457
http://www.ncbi.nlm.nih.gov/pubmed/18946721?dopt=Abstract
http://dx.doi.org/10.1007/s11259-008-9179-y
http://dx.doi.org/10.3906/vet-1502-31
http://dx.doi.org/10.3923/ajava.2014.134.143
http://www.ncbi.nlm.nih.gov/pubmed/15189125?dopt=Abstract
http://dx.doi.org/10.1146/annurev.nutr.24.121803.063211
http://www.ncbi.nlm.nih.gov/pubmed/12177411?dopt=Abstract
http://dx.doi.org/10.1073/pnas.132384699
http://www.ncbi.nlm.nih.gov/pubmed/19478146?dopt=Abstract
http://dx.doi.org/10.2337/db09-0188
http://www.ncbi.nlm.nih.gov/pubmed/23460021?dopt=Abstract
http://dx.doi.org/10.1007/s00125-013-2867-3
http://www.ncbi.nlm.nih.gov/pubmed/14580758?dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2003.09.008
http://www.ncbi.nlm.nih.gov/pubmed/2076024?dopt=Abstract
http://dx.doi.org/10.1159/000177606
http://www.ncbi.nlm.nih.gov/pubmed/9413110?dopt=Abstract
http://dx.doi.org/10.1080/01652176.1997.9694761
http://www.ncbi.nlm.nih.gov/pubmed/24223162?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0078620

