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Background: Obesity has become a serious public health problem all over the world, and

prevalence of obesity has increased in cats. Obesity is characterized by continuous low-grade

inflammation based on oxidative stress by excessively produced reactive oxygen species

(ROS). Supplementation with anti-oxidant and anti-inflammatory compounds is very effec-

tive to relieve the obesity condition. A plant extract mixture containing Rhus verniciflua and

some other herbs, Rv-PEM01-99, shows anti-oxidant and anti-inflammatory effects in

animals. The aim of this study was to evaluate the effects of supplementation with Rv-

PEM01-99 as an anti-inflammatory compound in healthy and obese cats.

Materials and Methods: Ten healthy mix breed cats and four obesity disease cats were

used. The healthy cats were randomly divided into control and test groups. Anti-

inflammatory compound, Rv-PEM01-99, in which quercetin derivative is the main compo-

nent, was supplemented to the healthy test group and the obesity disease cats at the dose of

100–120 mg/kg/day (2.5–3.0 mg/kg/day as quercetin) for 4 weeks. Metabolites, hormones

and enzymes were measured before and after the compound supplementation.

Results: The anti-inflammatory compound supplementation decreased serum amyloid

A (SAA) concentrations as inflammatory markers in both healthy and obesity disease cats.

In obesity disease cats, plasma total cholesterol concentrations and AST and ALT activities

decreased significantly after the compound supplementation.

Conclusion: Quercetin derivative seems to have strong anti-inflammatory activities. In the

healthy cats, anti-inflammatory compound supplementation decreased plasma NEFA and

SAA concentrations. In the obesity disease cats, the compound supplementation may have

alleviated obesity disease by relieving inflammation and improvement of lipid metabolism in

livers.
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Introduction
Obesity has become a serious public health problem all over the world.1,2 Obesity

accompanied by visceral fat accumulation causes insulin resistance and obesity can

be a risk factor for metabolic syndrome, diabetes mellitus, hypertension, dyslipide-

mia, and some types of cancer.3 Prevalence of obesity in dogs and cats has

increased in recent years as in humans.4 Cats are more prone to become obese

compared to dogs owing to their unique characteristics in glucose and lipid

metabolism.5,6 Prevalence of obesity in cats is assumed to be 30~40%.7 Obesity

is defined as excessive fat accumulation that presents a risk for metabolic disorders,

therefore body weight reduction is required for obese animals. However, only
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weight reduction is not enough for alleviation of obesity

condition in animals with accumulated visceral fat, caus-

ing systemic inflammation.8 Fat accumulation and oxida-

tive stress impair the mitochondrial function via

morphological alteration, increased membrane peroxida-

tion, decreased ATP level, increased reactive oxygen spe-

cies (ROS) production, and defective mitochondrial fatty

acid β-oxidation in livers.9 Excess amount of ROS pro-

duced via accelerated β-oxidation of fatty acids is attrib-

uted to one of the pathogens for obesity and its associated

diseases.10 Consequently, some antioxidant and anti–

inflammatory compounds appear to be effective to ame-

liorate obesity conditions in animals.11–13

The anti-inflammatory compound, Rv-PEM01-99,

which is extracted from some kinds of herbs, shows

a significant effect in improving lipid metabolism in

obese dogs.14 The anti-inflammatory effect of Rv-PEM01

-99 is considered to be due to a quercetin derivative, which

is a main ingredient in the compound extracted from Rhus

verniciflua leaf.15–17

In this study, we investigated the changes in plasma

metabolites, hormone concentrations and enzyme activities

related to energy metabolism in livers of healthy and obese

cats with the anti-inflammatory compound supplementa-

tion for 4 weeks. The aim of this study was to evaluate the

effect of quercetin derivative as inflammatory compound

on energy metabolism in healthy and obese cats.

Materials and Methods
Animals
Ten healthy control cats (6 female, 4 male, 2–3 years old,

mixed breed) were maintained for laboratory experiments

at Narita Animal Science Laboratory Co., Ltd. (Narita,

Japan) and fed on commercial diets. Four client-owned

cats (3 female, 5, 6 and 9 years old, mixed breed and 1

castrated male, 7 years old, mixed breed) with obesity

disease were entered into this study. Body weight and

body condition score (BCS) was assessed.18 For over-

weight cats with high BCS of >7/9, showing low adipo-

nectin (<3.0 μg/mL), hyperlipidemia (triglyceride

>165 mg/100mL or total cholesterol >180 mg/100mL)

and high serum amyloid A concentrations (>200 ng/mL),

categorized them as having obesity disease.8,19 Informed

consent was obtained from each client on the written form.

The informed consent included information about possible

risk, benefits, and limits of examination. Ethical approval

for this study was obtained from the research animal

committee of Nippon Veterinary and Life Science

University (No. 30K-05).

Supplementation with Plant Mixture
Rv-PEM01-99 prepared by Kibun Foods, Inc. (Tokyo,

Japan) was used as the compound in this study. The

amounts of each herb used for extraction was as follows:

Rhus verniciflua (90 g), Ulmus hollandica (60 g),

Polygonatum sibiricum (59 g), Lycium chinense (10 g),

Ganoderma japonicum (10 g), Parnax ginseng (10 g),

amounting to a total of 230 g. Each of the above six herbs

was ground and added to one powder (total volume 230 g),

which was then extracted with 10 volume of 70% ethanol in

water at room temperature. The extracted solution was fil-

tered, and the solvent was evaporated, filtered and lyophi-

lized, yielding 60 g of lyophilized Rv-PEM01-99 from 230

g of herb powder.16 Urushiol, an allergenic substance found

in Rhus verniciflua, was completely removed through the

above process. Two hundred milligrams of Rv-PEM0-99 is

equivalent to 5 mg of quercetin derivative. Powdered Rv-

PEM01-99 (300 mg) was packed in capsule form (Capsulae

Operculatae, J.P No.2, Kobayashi Capsule Corporation,

Hyogo, Japan), and supplemented to cats at the dose of

100120 mg/kg/day (2.53.0 mg/kg/day as quercetin) for 4

weeks. For example, one capsule for 3 kg BW cats and

two capsules for 5 kg BW cats were supplied.

Blood Sampling
Blood samples were collected before (0 week) and 4

weeks after Rv-PEM01-99 supplementation. Fasting

blood (at least 10 hours after the last meal) was taken

from the jugular vein and plasma and serum were sepa-

rated by centrifugation with and without heparin as anti-

coagulant, respectively. Plasma and serum samples were

stored at －80°C until use.

Metabolite, Hormone and Enzyme Analysis
Plasma glucose, triglyceride (TG), total cholesterol (TC)

and total protein (TP) concentrations and lactate dehydro-

genase (LDH), aspartate aminotransferase (AST) and ala-

nine aminotransferase (ALT) activities were measured

using an autoanalyzer (JCA-BM2250, JEOL Ltd., Tokyo,

Japan) with the manufacturer’s reagents at FUJIFILM

Monolith Co. Ltd. (Tokyo, Japan). Plasma non-esterified

fatty acids (NEFA) concentrations were measured with

a commercial kit (NEFA-C Test, Wako Pure Chemical

Industries, Ltd., Tokyo, Japan). Plasma malondialdehyde

(MDA) and adiponectin concentrations were measured
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with a commercial kit, NWLSSTM Malondialdehyde

assay kit (Northwest Life Science Specialties, LLC,

Vancouver, Canada) and mouse/rat adiponectin ELISA

kit (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan),

respectively. Serum amyloid A (SAA) concentrations

were measured with a commercial kit, CAT SERUM

AMYLOID A (SAA) ELISA (Life Diagnostics, Inc.,

West Chester, PA, USA)

Statistics
Measured values are expressed as means ± standard error

(SE). Statistical significance was determined by paired-

t test. The significance level was set at p<0.05.

Results
Comparison of biomarker levels in healthy cats with and

without Rv-PEM01-99, anti-inflammatory compound, sup-

plementation are shown in Table 1. In the healthy cats

supplemented with the anti-inflammatory compound for 4

weeks, plasma NEFA, MDA and SAA concentrations and

LDH and ALT activities decreased significantly. Body

weight, BCS, plasma glucose, TG, TC, TP and adiponectin

concentrations did not change in healthy cats after the com-

pound supplementation. Changes of biomarker levels in four

obesity disease cats with anti-inflammatory compound are

shown in Table 2. The four cats were diagnosed as obesity

disease by being overweight (BCS >7/9), and having low

adiponectin (<3 μg/mL), hyperlipidemia (TC >180 mg/

100mL) and high SAA concentrations. In the four obesity

disease cats, their BW, BCS, plasma glucose and TP con-

centrations were not changed after anti–inflammatory com-

pound supplementation for 4 weeks. Their TG, NEFA

concentrations and LDH and ALT activities decreased.

Plasma TC and SAA concentrations and AST activities

decreased significantly in obesity disease cats after the com-

pound supplementation. Their plasma adiponectin concentra-

tions were maintained at low level, which were significantly

lower than the control ranges (4~6 μg/mL). All four cats

seemed to be alleviated from obesity disease as hyperlipide-

mia and high SAA concentrations were ameliorated.

Discussion
The main component of the anti-inflammatory compound,

Rv-PEM01-99, is quercetin derivative.16,17 Quercetin is

a flavonoid which has various functions such as antioxi-

dant activity, anti-inflammatory action, amelioration of

lipid metabolism and others.15,20,21 Quercetin supplemen-

tation is effective for improvement of lipid metabolism in

obese animals.14,15,21 In this study, hyperlipidemia is ame-

liorated in the obesity disease cats after quercetin deriva-

tive supplementation for 4 weeks. Quercetin derivative

supplementation does not reduce body weight and accu-

mulated visceral fat in the obese cats, however, the sup-

plementation possibly improves hepatic lipid metabolism

and reduces plasma lipid (TG, T-Cho and NEFA) concen-

trations resulting in suppression of lipotoxicity caused by

Table 1 Comparison of Fasting Plasma Metabolites and Hormone Concentrations and Enzyme Activities in Healthy Cats

Supplemented with and Without Rv-PEM01-99 for 4 Weeks

Without Rv-PEM01-99 (n=5) With Rv-PEM01-99 (n=8)

0 Week 4 Week 0 Week 4 Week

Body weight (kg) 3.3±0.2 3.3±0.2 3.4±0.2 3.4±0.2

BCS 5/9 5/9 5/9 5/9

Glucose (mg/100 mL) 76.0±3.0 78.4±4.0 84.0±3.0 78.3±1.3

TG (mg/100 mL) 38.5±2.0 40.0±2.5 39.0±2.5 46.6±15.7

TC (mg/100 mL) 75.0±6.0 88.0±7.0 77.8±6.2 95.9±6.6

NEFA (mEq/L) 0.44±0.02 0.44±0.02 0.69±0.06 0.73±0.09 0.39±0.06*

TP (g/100 mL) 5.9±0.1 6.1±0.2 6.4±0.1 6.3±0.1

MDA (μmol/L) 1.49±0.15 1.55±0.16 1.89±0.15 1.40±0.16*

Adiponectin (μg/mL) 4.2±0.2 4.6±0.4 5.6±1.0 5.8±0.6

LDH (U/L) 182±20 183±24 218±9 130±9*

AST (U/L) 26.5±1.3 30.0±2.0 27.5±1.3 21.9±1.6

ALT (U/L) 63.5±3.8 57.0±3.2 66.4±3.7 56.5±4.8*

SAA (ng/mL) 15.9±5.2 12.5±2.4 19.2±4.2 4.8±2.7*

Notes: Values are presented as mean ± SE. BCS is the average value of the group. *Significantly different (p<0.05) from 0 week value in the same group.

Abbreviations: BCS, body condition score; TG, triglyceride; NEFA, non-esterified fatty acid; TP, total protein; MDA, malondialdehyde; LDH, lactate dehydrogenase; AST,

aspartate aminotransferase; ALT, alanine aminotransferase; SAA, serum amyloid A.
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hyperlipidemia.22 Previous reports found that the

improved inflammatory microenvironment induced by

quercetin may be involved in multiple signaling pathways,

such as inhibiting the TLR/NF-kB signaling pathway and

the PI3K/Akt/NF-kB/STAT3 pathway.13,23,24

In this study, reduction of plasma TG, TC and NEFA

concentrations in the obesity disease cats was observed after

quercetin derivative supplementation for 4 weeks. Longer-

term supplementation with quercetin may be more effective

on treatment for obesity disease. Obesity disease in cats is

defined by overweight, low adiponectin, hyperlipidemia and

high SAA concentrations. In this study, high plasma TC of

>180 mg/100 mL was considered as hyperlipidemia accord-

ing to the criteria of metabolic syndrome in cats.8 Based on

this amended criteria, all four cats with over 180 mg/

100 mL of plasma TC are diagnosed as obesity disease,

and they were alleviated from obesity disease after querce-

tin derivative supplementation.

Quercetin exerts an obvious anti-inflammatory activity

in many animal species,25–27 and SAA as an inflammatory

marker was reduced significantly in the obesity disease cats

as well as in the healthy controls. MDA concentrations were

not changed in the obesity disease cats, and this phenom-

enon may indicate insufficiency of anti-oxidant activity of

quercetin derivative. Dose of quercetin derivative is

adjusted to 2.53.0 mg/kg/day, and at this dose, anti–

inflammatory action was prominent in both healthy and

obesity disease cats. This dose is low compared to the

effective dose in dogs (5.0 mg/kg/day),14 and this may

indicate higher sensitivity of cats to quercetin compared to

dogs. Effectivity against quercetin in cats is considered to

be higher than in dogs. The supplementation period was

only 4 weeks in this study, observing a short-term response.

A long-term supplementation may be needed to show body

weight reduction and antioxidant action as chronic

effects as shown in mice.17 It is reported that high concen-

trations of quercetin show side effects to inhibit cytochrome

P450 isoforms28 and metabolism of paclitaxel, an anticancer

drug.29 Whereas, Rv-PEM01-99, quercetin derivative, does

not show such side effects,16,17 therefore we can supply

high concentrations of quercetin derivative to enhance its

anti-oxidant and anti-inflammatory activities.

Quercetin supplementation does not reduce body

weight and accumulated visceral fat in obesity disease

cats, whereas the supplementation improves hepatic lipid

metabolism resulting in decreased plasma lipid concentra-

tions to alleviate obesity disease. An improvement of

inflammatory condition is possibly caused by the anti–

inflammatory activity rather than the anti-oxidant activity

of quercetin in the obesity disease cats.

This is a preliminary study to measure the effect of

quercetin derivative in cats. Limitations of this study

include small number of samples and biological and envir-

onmental variables (age, sex, diet), which is inevitable

when client-owned animals from a private veterinary hos-

pital are utilized. The obesity disease cats used in this

study seemed to be in a mild stage of obesity disease

without severe liver injury such as hepatic lipidosis as

their plasma enzyme (LDH, AST and ALT) activities

were not as high as those observed in metabolic

syndrome.8 Supplementation of quercetin derivative at

high dose (100 mg/kg/day) and for a longer period (8

weeks) causes a significant improvement of nonalcoholic

fatty liver disease (NAFLD) by ameliorating inflamma-

tion, oxidative stress, and lipid metabolism in diabetic

mice.13 Further studies are needed to clarify the effects

of this anti-inflammatory compound supplementation in

more cats with various severities of obesity disease and

at different doses and durations of supplementation.

To alleviate obesity disease, a combination of the anti-

obesity food with low fat and high protein to reduce body

weight with the anti–inflammatory compound like querce-

tin may be more effective in cats.

Table 2 Changes in Fasting Plasma Metabolites and Hormone

Concentrations and Enzyme Activities in Four Obesity Disease

Cats Supplemented with Rv-PEM01-99 for 4 Weeks

0 Week 4 Week P value

Body weight (kg) 6.7±1.0 6.6±1.0 0.182

BCS 8.0±0.6/9 8.0±0.6/9 –

Glucose (mg/100 mL) 88.8±1.3 91.3±11.3 0.839

TG (mg/100 mL) 121.5±6.7 85.0±10.9 0.068

TC (mg/100 mL) 200.3±10.7 167.3±18.4* 0.025

NEFA (mEq/L) 0.84±0.09 0.66±0.02 0.143

TP (g/100 mL) 7.0±0.2 6.9±0.2 0.637

MDA (µmol/L) 2.3±0.0 2.2±0.3 0.628

Adiponectin (µg/mL) 1.3±0.1 1.2±0.1 0.391

LDH (U/L) 204.0±53.0 153.3±34.9 0.118

AST (U/L) 47.0±4.7 34.0±4.9* 0.006

ALT (U/L) 61.5±10.7 49.0±11.3 0.110

SAA (ng/mL) 194.3±76.0 27.6±4.7* 0.004

Notes: Data are expressed as mean ± SE. P value was calculated by paired t-test.
*Significantly different (p<0.05) from 0 week value.

Abbreviations: BCS, body condition score; TG, triglyceride; NEFA, non-esterified

fatty acid; TP, total protein; MDA, malondialdehyde; LDH, lactate dehydrogenase;

AST, aspartate aminotransferase; ALT, alanine aminotransferase; SAA, serum amy-

loid A.
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Conclusion
Quercetin derivative seems to have strong anti–inflamma-

tory activities. In the healthy cats, anti-inflammatory com-

pound supplementation decreased plasma NEFA and SAA

concentrations and LDH and ALT activities. In the obesity

disease cats, the anti-inflammatory compound supplemen-

tation may alleviate obesity disease by relieving of inflam-

mation and improvement of lipid metabolism in livers.
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