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-ABSTRACT-

Protective Effectsof Yuzu and Its Component

againstCardiovascular Disease

Left ventricular (LV) remodeling, which includes ventricular dilatation and increased
interstitial fibrosis after myocardial infarction (Ml), is the critical processlerlying the
progression to heart failu{glF). Therefore, a novel approach for preventing LV remodeling
after Ml is highly desirable. Yuzu is a citrus plant originating in East Asia, and taslze
of cardioprotectivangredientssuch as hesperidin.dwever, no study hagroved whether
yuzu can prevent LV remodeling. The aim of this study waetermine the effés of yuzu
on HF and its potential impact on the Lvemodeling process after MAnd platelet
aggregationin this study,it was investigatedwhetheryuzu and its components hesperidin
and naringin, have rdi-platelet activities. Yuzuand hesperidin inhibited collagen
arachidonicacid (AA)-, ADP- and thrombirinduced rat platelet aggregationvitro andex
vivo. Naringinalso inhibited platet aggregation induced by collagen, AA, or thrombin, but
not by ADP. Tk oral administration of yuzwr hesperidin prolonged mouse tail vein
bleeding time ina dosedependent manner.LV remodeling in vivo study using the
permanent left anteriodescendig coronary artery (LAD) occlusion model demonstlate
that one week pretreatmemtith yuzu or its major metabolite hesperidin before LAD



occlusionsignificantly attenuated cardiac dysfunction, myocyte apoptosis and inflammation.
Not only yuzu but also hespdin inhibited caspas® activity, myeloperoxidasexpression,
U-smooth muscle actin expression, and matrix metalloprotelaszivity in a permanent
LAD occlusion rat modelThese results suggest that yumd hesperidin have atlatelet
activity, ard tha intake of yuzu, whicltontainsvarious flavonoids such as hesperidin, may
be beneficiafor individuals at high risk of cardiovascular diseagésesefindings provide

the first evidence that yuzu and hesperidin preverdiMduced ventricular dysfumion and

structural remodeling of myocardium.

Key words :yuzu, hesperidin plateletaggregationcardiomyocyteischemic heart disease,

left ventricular remodelingpoptosisfibrosis inflammation heart failure
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ABBREVIATION

AA arachidonic acid

ADP aenosine diphosphate
BSA bovine serum albumin
cTnl cardiac troponin |

CVD cardiovascular disease
DMSO dimethylsulfoxide,
HF heart failure

LAD left anterior descending
LV left ventricula

Ml myocardial infarction
MMP  matrix metalloproteinase
MPO myeloperoxidase

PEG polyethylene glycol

PO permanent LAD occlusion
SMA smooth muscle actin

TXA (B), thromboxane AB) ,



l. INTRODUCTION

A. Antiplatelet therapy in cardiovasculardiseass

Platelets are essential for primary hemostasis and for repthie ehdothelium, but they
are also responsible for the formatioh pattogenic thrombi that causeardiovascular
diseases(CVDs), such as acute coronary syndrome, ischemic strokesgngbtanatic
peripheral artery disease. Platelets are also a sofiricdlammatory mediators, and their
activation by inflammatorytriggers may be a critical component of atherothrombosis
(Jennings, 2009). Accordingly, the inhibition of platelet hyperactivdiembeen adopted as
a strategy to treat these disordensg several anplatelet drugs, including aspirin, are used
clinically. Since these anplatelet drugs have all been reported to hedeerse side effects,
the developmenof safenew therapeutiagents with antplatelet activity remains a critical
issue. Interestinglyseveral natural compounds from plant sources, such as, spndch
tomato, have been reported to have preventive effaamstCVDs by inhibiting platelet
aggregatiofO 6 K e n it al, @306).e

B. Leftventricular (LV) remodeling andheart failure (HF)

LV remodeling isa pathologic changén the architecture of the LV that occur due to
various CVDs including myocardial infarction M) and hypertensioifYi et al 2012) Of
these Ml is caused by the partial interruption or occlusion of the blood supply to a part of

the myocardium. This most commonly involves the occlusion of a coronary artery following
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the rupture of a vulmable atherosclerotic plagy&aoet al, 2010V remodelingafter Mi

is associated with a combination of pathologic conditions, including myocyte hypertrophy,
myocyte apoptosis, myofibroblast proliferation, inflammatory reaction, and interstitial
fibrosis, which ultimately lead to the loss of ®j& and diastolidunction (Konstamet al,

2011). Cardiac hypertrophy is a compensatory process in response to increased
hemodynamic overload, characterized by an increase in the size of individual cardiac
myocytes and wall thickness. On the othandh in chronic MI folleving left anterior
descending coronary artery (LADYclusion, a transition occurs from compensatory cardiac
hypertrophy to decompensatory hypertrophy, characterized by a chamber dilation and wall
thinning. In this chronic condition, processes such aaesfiular matrix turnover, fibrosis,
inflammation and apopsis are crucial determinani§apenand Rogers 2009; . Yi et al

2012)

LV remodeling after Ml is a key contributor to HF, which is one of the most common
causes of cardiovascular morbidity andrtality worldwide (Gonzalezet al, 2011) HF is
defined as alinical syndromebecause of itcomplexpathologic mechanisrohanges that
contribute tanyocardial dysfunctioffollowing LV remodeling(Nagarajarand Tang2011)

Conventional HF therapy is Btiargely based on targeting the causes and neurohumoral
activation of HF, and includes agents such as angiotensiverting enzyme inhibitors,
angiotensirreceptor antagonists, bebéockers, and aldosterone agbnist (Jessupand

Brozena2003.



C. Yuzu and its components

Recently, natural products have become popular worldwide and have gained wide
acceptance as adjuncts to conventional therapy. Various studies have shown ratucés p
such ascitrus fruits, grape,broccoli, and cacao are rich sowaaf phytochemicals such as
polyphenols that are weknown for theircardiosascularprotective effectgAkhlaghi and
Bandy, 201Q Yamazakiet al 201Q Kim et al 2014. Furthermore,numerous researches
indicate thatthe consumption of flavonoidich foods decreasethe incidence of CVDs
(Yamazakiet al 2008)

In particular, yizu Citrus junossieb ex Tanaka) isne of the mostamous natural
products. Yuzu issmall tree that produces yelleyolden colored citrus fruitsnative to
northeast Asia, ifading Korea, China, and Japaiuzu is used in traditionaChinese
medicineand yuzu tea is known to improve a cold in Koi®averal studies have shown that
components of yuzauch agimonene,vitamin C, phenolic substancexhibit anantioxidant
andantrinflammatoryactivities(Hirota et a) 2010).

Like other citrus fruits, yuzu contains many biofunctional components, such as,
flavonoids, carotenoids and ascorbic acid (Yoo et al.,, 2088)jthermore,numerous
experimental studies have shown flavonaidsbit primary hemostasis andany pathways
which areassociated with platelet activation and aggregation (Rein et al., 2000). Flavonoids,
which occur in the free form and as glycosides, are a large group of low molecular weight

polyphenolics, and have beerpsin to be one of the most important classes of biologically
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active compoundd-esperidinand naringirareknown to bemajor flavonoid components in
yuzu (Yoo et gl 2009). Hesperidin, a glycosidic form of hesperetin, is encountered
extensively in the plarkingdom, especially in citrus fruits, such as, grapefruits and oranges,
which are also commonly used iraditional medicines (Garg et,&001). Naringin is a
glycosidic form of naringenin, and the major flavanone found in citrus fruits. In animal
experments, naringenin consumption was found to be associated withadipéding effects,
reduced plasma markers of endothelial dysfuncaod improved insulisensitivity (Chanet
et al, 202). However, no report has been issued on its inhibiteffgct on patelet
aggregatiorand LV remodeling.
D. Aims of study

1. In the present studit was investigate the antiplatelet activities bthe yuzu and its
major flavonoid componenisin order to explain their possible contributions to the
attenuation of platet hyperactivity.

2. The goal of the present study was to evaluate the effects of yuzu in a rat model of LV
remodeling induced by permanent LAD occlusion. Considering that hesperidin is well
known major functional component of yuzut has also evaluated hether hesperidin

contributes to the protective effect of yuzu.



IIl. M ATERIALS AND METHODS

A. Materials

1. Materials

Collagen, ADP, thrombin, arachidonic acid (AAnd liferin/luciferase reagentere
purchased from Chroroog Co. (Harvertown, PA, USA)Dimethylsulfoxide (DMSO),
polyethyl ene gl ycol ( PEG) , -nixativamidee ademimer u m
dinucleotide (reduced slio d i u m s a FNADH), pwluvi@dcig and thistone HUIS
were purchased from Sigma (St. Louis, MO, USA). ThromboxanpdTBB,) enzyme
immunosaasy (EIA) kit was purchased from Cayman ChérGioepany (Ann Arbor, MI,
USA).

B. Methods

1. Plant material and preparation of samples

Extract of yuzu were obtained from Konkuk University (Seoul, Republic of Korea).

Briefly, mincedyuzu fruits were extracted with ethanol and lyophilized to remove solvent.
Yuzu extract was dissolved in saline (0.9% NaChtfein vitro, exvivo andin vivo study.
Yuzu major componentsehperidinand naringirarewaterinsolulde, they weredissolvedn
DMSO to makefinal concentration of 0.1% DMSO for tha vitro platelet aggregation

experimentsFor vivo studies, &speridinandnaringinweredissolved in 70% PEG which is



a widely used solvent for watarsoluble compound®r in vivo study
2. Experimental protocol

PART I: For platelet aggregation experimentszy and its componentiesperidinand
narigin were administereevith oral gavage at a volume of 0.5 ml/kg per mouse or rat 2 h
before experimentsControl animals received the same volumesafine or 70% PEG,
respectively. Allagents were prepared just before use.

PART II: For LV remodelingexperimentsal experimental procedures conformed to the
Guide for the Care and Use of Laboratory Animals published by the US National Institutes
of Hedth (NIH Publication No. 823, revised 1996), and the Committee on Animal
Research at Ajou Medical Center, Ajou University (Suwon, Republic of Korea), approved
the study. Male Spragtl@awley rats (weight, 2500 g) were anaesthetized with an
intraperitoreal injection of ketamine (100 mg/kg) and xylazine (10 mg/kg) before surgery.
The body temperature of the rats was maintained at 37 + 0.5°C during surgery by using a
thermostatically controlled warmingaike as described previougigim et al, 2010)In the
lossof-function study, ischaemi@mduced myocardial injury was induced by ligating the
LAD artery as described previous{itim et al., 2010;Yamazakiet al. 2010) Sham
operated control group (sham) underwent the same surgical procedures excepstitatehe
placed under the left anterior descending was not tied. At 4 weeks after LAD occlusion, rats
were euthanized by G@nhalation for heart isolation. LV was used for staining experiments.

Infarct and perinfarct zone of left ventricle were used fgelatin zymography and western
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blot analysis. Peifinfarct zone was defined as the area within 2 mm ofvikible edge of
infarction(Kido et al, 2005).

The rats were randomly distributed into experimentaitigatment groups with similar
body weights. Mzu (100 mg/kg/day, n=20), hesperidin (30 mg/kg/day, n=20), vehicle (PEG
0.3 ml/day, n=23) or sham (PEG 0.3 ml/day, n=20) was administered by oral gavage once
daily beginning 7 days before LAD occlusion and continuously administered until the time
of the erminal study, using oral gavage around 10:00 A.M. every imgi(fior total 5 weeks,
Fig. 7).

3. Animals

SpragueDawley (SD) rats and ICR mice were purchased from the Samtako Laboratory
Animal Center (Republic of Korea), and housed in a conventional hfacibty with free
access to food and water in a temperature and relative humidity monitored and controlled
environment under artificial lighting (12 h of light per day). Animals were allowed to
acclimatize for at least 7 days before experiments. Athals related study protocols were
conducted in accordance with the guidelines for the Care and Use of Laboratory Animals
published by the US National Institute of Health (NIH Publication Ne2B5revised 1996),
and were approved by the Committee on AdilRasearch at Ajou Medical Center, Ajou
University.

4. Preparation of platelets

Plateletrich plasma(PRP) was prepared as described previousbed et gl 2011).
7



Briefly, SpraguéDawley (SD) rats, weighing 20050 g, were lightly anesthetized with
ethyl gher and 810 ml of blood was collected from abdominal aorta into sodgitrate
(3.8%, 1:9 v/v) containing tubes. After centrifugation at 1509 for 10 miooah temperature,
supernatants (PRP) were used for the aggregation studywB&Bentrifuged at2D0g for
10 min at room temperature and supernatant was obtampthtelet poor plasméPPP
which was used to adjust PRP. All experiments were conduckeasafour times.

5. In vitro platelet aggregation study

Platelet aggregation studies were parfed under the experimental setting described by
previous studies using the turbidimetric meth@ko et al., 20)1 Briefly, PRP was
stimulated with different aggregating agents at the following final concentrations; callagen
eg/ mL, thrombin 0.4 U/ mL, AA 100 &M, or ADI
5 min after platelet stimulation. Aggregations were measured by a-aggnégometer
(ChroneLog Co., Harvertown, PA, USA) connected to computer and expressed as percent
changes in light transmission, taking the value of a blank sample (buffer without platelets) to
be 100%. Fom vitro studies, PRP was preincubated with different concentrations of the four
anthraquinone derivatives for 5 min in the cuvette of an aggregonbefore being
stimulated with the aggregating agents described above.

6. Determination of cytotoxicity

The cytotoxic effects of samples on platelets were determined by measuring lactate

dehydrogenase (LDH) leakage from platelets, as described prigviGe® et gl201]). Rat
8



PRP was incubated at 37 °C for 5 min with vehicle or samples, and centrifuged at room
temperature for 1 min at 10,060 Al i quot s of supernatant (2°
%we l | pl ate and mixed wi(tOh. OXNXDH bre phosphate NADH
buffer) and 25 €L of pyruvate solution (22
temperature. Reductions in absorbance at 340 nm due to the conversion of NADH to NAD+
were used as measures of LDH activity. LDH leakagesevexpressed as percentages of
total enzyme activity measured in platelets completely lysed with 0.2% Triidd0X

7. Ex vivo platelet aggregationstudy

Two hours after theral administration of yuz¢100 mg/kg), hesperidi(L0 mg/kg), or
aspirin (50 mgy/kg), rat blood samples were collected and the platatgiregation
experiments were performed as described above.

8. In vivo mice tail bleeding times

Bleeding times were determined @®viously described (Cho et, &008). MalelCR

mice weighing 3640 g were used in this experiment. Mice were fasted overnight
beforehand. Two hours after tbeal administration of yuz(8, 10,30 mg/kg), hesperidin (1,
3, 10 mg/kg) or aspirin (50 mg/kg), mice were anesthetiwi¢il sodium pentobarbital (75
mg/kg, i.p.).Mice were then placed individualiyn a hotplate to control body temperature at
37 6C and tails were transect@&mm from their tips with a razor blade and then immersed
in a 15 ml clear conicalibe containing normal saline prewarmed to&~ Times to bbod

flow cessationwere measured. Bleeding time was defined as the time taken for bleeding

9



stoppedor 15 s. Bleeding times exceeding 15 min were recorded as 15 min for the purposes
of statistical analysis.

9. Measurement of thromboxane A (TXA ;) formation

The formation of TXA in platelets was measured by determining TXBing aTXB,

EIA kit (Cayman Chemical Co., Ann Arbor, MIl, USA), because TX# unstableand
quickly converted to TXB A suspension of rat PRP was preincubated for 5 imithe
preenceor absence of DMSO, yuzthesperidin, naringin, or aspirbefore adding collagen
(2 mg/ml) or thrombin (0.4 U/ml). After incubation 87 &C for 5 min with collagen or
thrombin, EDTA (10 mM) was added to stdjXA,formation. TXB, in supernatant was
obtaned by centrifuging at 12,000g fdr min, and the amount of TXBn medium was
determined by using the TXBEIA kit, according to the procedure described by the
manufacturer (Cayman Chemidcab.).

10. Echocardiography

The rats were subjected to transtharaechocardiography. In brief, the rats were

anaesthetized with an intraperitoneal injection of ketamine (100 mg/kg) and xylazine (10
mg/kg) and were examined with nowasive echocardiography (echocardiograph IE33
ultrasound, S12 probe, Philips). Ventular remodeling in the vehicle yuzu, or
hesperidirtreated groups was assessed weekly with serial echocardiography (beginning 0
week prior to LAD occlusion until 4 weeks after LAD occlusion). Cardiac ventricular

dimensions were measured onrbde imags (left parasternal long axis). And the average
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of 5 consecutive cardiac cycles of each animal is reported.
11 Histological analysis
LV tissue was fixed with 4% paraformaldehyde for 24 hours, dehydrated with
increasing concentrations of ethanol, and thkembedded i n paraffin. L
were stained with hematoxylin and eosin (H&E, Sightdrich) or Masson trichrome
(polysciences) as previously descrif@ddhlaghi andBandy, 2010;Lal et al, 2012)Images
were captured by utilizing a Zeiss Axiopl¥ision-series microscope and software (Carl
Zeiss, Oberkochen, Germany) and were quantified using the NIH Image J analysis program
(NIH, Bethesda, MD, USA).
12. Immunohistochemistry
Immunostaining was performed using a streptavigiotin-immunoperoxidas
complex method with 5 e€m thick sections, w I
M citrate buffer solution (pH ¥ 6.0) for 15 min for antigen retrieval. Rabbit polyclonal
antibody against, myeloperoxidase (MPO), or cardiac tronponin | (cTnl) gmedhfrom
Abcam (Cambridge, UK) was used. The slides were examined using a light microscope
(Olympus CX21, Japan) and was evaluated with reference to the optical density of the stain
by using a computeassisted image analysis system, ImageJ1.45F (NIH)USA
13. Gelatin zymography
Gelatin zymography was performed utilizing the Novexgéh Zymography System

(Il'nvitrogen, Carl sbad, CA, USA) , according
11



were homogenized in 50 mM T#4ClI (pH 7.5) containing 156M NaCl and 5 mM CagGl
After centrifugation, the supernatants were harvested and 25 g of protein was mixed with
Tris-glycine sodium dodecyl sulfate (SDS) sample buffer. The samples were run on a Novex
10% Zymogram Gelatin Gel, followed by incubation wllymogram Renaturing Buffer and
subsequent incubation with Zymogram Developing Buffer. After an overnight reaction, the
gel was stained with Simply Blue Safe Stain (Invitrogen).
14. Western blot analysis
Heart tissues were homogenized in a buffer contgibd mmol/L TrisHCI pH 7.4,
1% NR40, 150 mmol/L NaCl, 0.25% Naeoxycholate, 2 mmol/L EDTA, 1 mmol/L NaF, 1
mmol/L NaVO,, 1 mmol / L PMSF, 10 €eg/ mL aprotin
Homogenates were centrifuged at 14,681 g for 15 min and the supeswedaatcolleted as
previously describedKim et al, 2010) Equal amounts of protein were then separated by
SDSpolyacrylamide gel electrophoresis (PAGE) and reacted with antibodies specific for
caspas8 ( Cel | Signal i ng,-SMB g§Avocam)rasd, -tubMiA (SigrabS A)
Aldrich). After probing with an HRfonjugated secondary antibody, the proteins were
visualized using LAS 1000 (Fuji Photo Film, Tokyo, Japan). Densitometric analyses were
perfomed using Quantity One softwamageJ1.45F (NIH, USA).
15. Terminal dUTP nick end-labeling (TUNEL) staining
In situ labeling of fragmented DNA was performed using the Apop Taq Plus Kit

(Oncor, Gaithersburg, MD). Briefly, nucleososiged DNA fragments were labeled with

12



digoxigenin nucleotide and reacted with g@adaseconjugated amdigoxigenin antibody
and 33 -diaminobenzithe as previously described (Kim et al, 201De percent cell death
was calculated by expressing the number of TUNBKitive cells as a percentage of total
cell counts.
16. Statistical analysis
All data are expressed as means + SDs.ré@sdts were analyzed usingvay ANOVA
and the differences between gr eespspvauepofe cor

<0.05 was considered statistically significant. All experiments were repeated at least 4 times.
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Il . RESULTS

A. PART I|. Anti -platelet effects of yuzu extract and its component

1. Effects of yuzuon platelet aggregationsn vitro

Yuzu (31 10 mg/ml) was found to inhibit collagenADP-, AA- and thrombirinduced
aggregations in a doskependent manngFig. 1). Yuzuat 5 mg/ml inhibited collagen
ADP-, AA- andthrombirinduced platelet aggregations by 98.4 + 1.6%, 41.5 + 63%%,+
21.7% and 31.1 + 3.4%ompared to vehiclerespectively. The 1§ values (halfinhibitory

concentrations, mg/ml) of yuZor platelet @gregationsre detailed in Tablg.
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Fig. 1. Dosedepencent inhibitory effect of yuzu on in vitro platelet aggregation.Platelet
were preincubated for 5 min with various concentrations of yaiz87 6C before being
aggregatd with collagen Zug/ml (A), ADP 10uM (B), or arachidonic acid (AA) 1QM

(C) and thrombin 0.4 U/ml (D). Data were expressed as means + @EMES).* P < 0.05

vs. vehicle.
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Table 1. 1Cso0f yuzu, hesperidin and naringin for platelet aggregatian.

IC 50(mg/ml)
Agonists
Yuzu Hesperidin Naringin
Collagen 3.44+ 0.02 0.55+ 0. 01 0.59+£0.01
ADP 6.37+ 0. 04 0.73x 0. @ >1
AA 475+ 0. 3B 0.25+ 0. 0.30+ 0.01
Thrombin 6.43+ 0. 07 >1 >1

Results are expressed as meaS®s.” Less than 50% inhibition at 1 mg/ml

Concentrations of agonists were as foll ows:

thrombin (0.4 U/ml).
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2. Contents of hesperidin and naringin in yuzu extracts

The high contendf hesperidirandnaringinin yuzumight beassociated with significant
health benefitsThe contents of hesperidin and naringin in yuzu extracttzoe/n in Table.
Mean total amounts of hesperidin and naringiasent in yuzu extra€mg/100 g of F.wt
yuzu) were 413 + 15.06 anil191.0 + 17.19 mg/100 g fresh weight, respectively. HPLC

analysis showed that yuextract was rich in both hesperidin and naringin (Fig. 2).
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Table 2. Contents of hesperidin and naringin inextract of yuzu.

Hesperidin Naringin

Contents
413.79+ 15.06 1191.0+£17.19
(mg/100 g of F.wt yuzu )

All samples wergested in triplicate. Data are means + Ibsvt , fresh weight
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3. Effects of hesperidinand naringin on platelet aggregationsn vitro

Hesperidin (0.11.0 mg/ml) was found to inhibitollagen, ADP-, AA-, and thrombin
induced aggregations in a dedependenmamer (Fig. 3). As showm Tablel, IC50 values
of hesperidin for collagen ADP-, AA- and thrombirinduced platelet aggregations were
0.55+ 0.01, 0.73 £ 0.02, 0.25 £ 0.01, and >1 mg/ml, respectively.

Naringin at 1 mg/ml inhibited collagen AA-, and thrombirinduced platelet
aggregation by 82.4 £ 8.9%, 75.6 £ 24.4%, 4bd + 89%, respectively (Fig. 4). However,
naringin showed littleffect on ADRinduced platelet aggregation.sf&alues of naringitfior
collagen, ADP-, and AA and thrombirinduced platelet aggregationere 0.59 + 0.01, >1,

0.30 £ 0. 01, and >1 mg/ml, respeety (Tablel).
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Fig. 3. Dosedependent inhibitory effect of hesperidin onin vitro platelet aggregation.

Platelets were preincubated for 5 min with various concentrations of hesper@giinoat

before being aggregated with collagemu@ml (A), ADP 10uM (B), or arachidonic acid

(AA) 100 pM (C) and thrombin 0.4 U/ml (D). Data were expressethaans + SEMs (n =

4i5). * P<0.05vs. vehicle.
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4. Cytotoxic effects of yuzu, hesperidin, and naringin on platelets

To examne the cytotoxicities of yuzuhesperidin, andaringin, LDH release from
platelets was measured. LDH releasean platlets treated with DMSO, yuz2d10 mg/ml),
hesgeridin (1 mg/ml), or naringin (1 mg/ml) were not significantly changéten compared
to nontreated controls, while that from platelétsated with digitonin (5uM), used as a
positive control, were significantlincreased. These results suggest thatatheplatelet
effects of yuzy hesperidin, and naringin are unlikely to associated with cytotoxicity

(Table 3).
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Table 3. Effects of yuzu hesperidin, and naringin on LDH release by platelets.

Control DMSO Yuzu Hesperidin  Naringin Digitonin

LDH
release 15.18+3.4 26.84+81 10.11+£1.6 27.71+5.8 19.97+2.3 93.74+2.3*

(% of max)

LDH release was measured after incubating rat plateletplasma (2x fcells/ml) with
vehicle or samples for 5 min. Data representamse+ SEMs (n=4~6). P<0.05 vs

control(no- treatment.
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5. Effects of yuzu, hesperidin, and naringin on TXB formation

To investigate the possible mechanism responsible for the antiplefielets of yuzy
hesperidin, and naringin, their eftts onTXB, formation were evaluated. As shown in Fig. 5,
pretreatment oplatelets with 1 mg/ml of hesperidin significantly inhibiteallagerinduced
TXB, formation, buthad little effect on thrombimducedTXB, formation. In the case of
yuzu (10 mg/ml andnaringin (1 mg/ml) treatment, collageand thrombiAnducedTXB,
formation wasinhibited. Aspirin, a positive control, completddiocked TXB formation at a

concentration of 1 mg/ml.
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Fig. 5. Effect of yuzu, hesperidin,and naringin on collager and thrombin-induced

TXB, formation in rat platelets. After preincubating platelet suspensiaith DMSO, yuzu
(10 mg/ml), hesperidin(1 mg/ml) naingin (1 mg/ml) or aspirin for 5 min, 2 g/ml of
collagenor 0.4 U/ml of thrombinwas added. After incubation at 3 for 5 min with
collagen or thrombin, EDTA (10 mM) was added to stop TXBmation, andsupernatant
was obtained by centrifugation at 12,000g for 1 min (A, B). TXBncentrations were
determined using an EIA kit. Datae expressed as meads SEMs (n = 835). *P < 0.05

vs. controls# P < 0.05 vs. vehicle.
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6. Effects of yuzuand hesperidin on platelet aggregatiorex vivo

To determine the concentration required far ithhibitory effects of yuzand hesperidin
on ex vio platelet aggregation, the effects ofrieas concentrations of yuz{d0, 30, 100
mg/kg) and hesperidin (1, 3, 10 mg/kg) were evaluated in a preliminary experiment (data not
shown); 100 mg/kg and 10 mg/kg were chosen as optimumentatons for yuzuard
hesperidin, respectively, for thex vivoplatelet aggregation experimentdesperidin has
more inhibitory effects on 4 agonistduced pléelet aggregation than naringin, and thereby
it was focused on hesperidin in later experiments.

As shown in Tablel, yuzuadministered at 100 mg/kg (p.o.) 2 h before blood collection
significantly inhibited collagenn ADP-, AA-, and thrombirinduced platelet aggregations, by
32.0 £ 8.6%, 17.3 £ 2.5%, 37.5 = 10.6%, 18.4 + 4d8fhpared to contrplrespectively.
Similarly, hesperidin administered at 10 mg/kg (p.o.) significantly inhibited collagddP-,

AA -, and thrombirinduced platelet aggregations by 23.6 + 6.5%, 19.9 + 4.2%, 41.0 £ 13.8%,
13.5 + 2.1%compared to contrpkespectively. Aspirin (50 mg/kg), a refeoenantiplatelet
drug, also significantly inhibited collagenAA-, ADP-, and thrombirinduced platelet

aggregation.
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Table 4. Inhibitory effects (%) of orally administered yuzu and hesperidin onex vivo

platelet aggregation.

Inhibition of platelet aggregation (% of control)

Yuzu Hesperidin Aspirin
Agonists
(100 mg/kg, P.O.) (10 mg/kg, P.O.) (50 mg/kg, P.O.)

Collagen 32.0+ 8.6%* 23.6+ 6.9%0* 32.5+ 10.80*

AA 37.5+ 10.6%* 41.0+ 13.8%0* 99.6+ 0.3%0*

ADP 17.3£ 290 * 19.9+ 42%* 21.6% 6.60*
Thrombin 18.4+ 4.80* 13.5+ 2.1%* 11.2+ 3.00*

Concentrations of agonists were as followstcalgen (2 e€g/ ml ), AA (100

and thrombin (0.4 U/ml)Data are expressed as meanSEMs 6 = 5~7). *P<0.05vs

controls(no-treatment)
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7. Effects of yuas and hesperidin on tail bleeding times in mice

Because the mouse tail bleeglitime assay is an easily accessed, reliable measure of
platelet function, it has been widely used to evaluatedatelet effectsGadi et al., 2000
Therefore,it was performed bleeding time assays ¢xamine the effects of yuzand
hesperidin on platet functionin vivo. As shown in Fig. 6, the mean bleeding time of
untreated control mice were 92.8 + 13.4 sec, and this was significantly prdldyg30
mg/kg (p.o.) of yuzwor 10 mg/kg (p.o.) of hesperidin to 442.3 £ 95.6 sec and 422.2 £+ 94.9
sec, repectively. Aspirin at 50 mg/kg (p.0.) also significantly prolonged bleeding time (to

236.8 + 43.2 sec).
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Fig. 6. Effects of yuzuand hesperidin on mouse tail bleeding timesyuzu (3, 10, or 30
mg/kg), hesperidin (1, 3, or0lmg/kg) or aspirin (50 mg/kg) were orakdministered to
mice 2 h before the experiments. Data were expressedass + SEMs (n =8). *P < 0.05

vs. control (netreatment)
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B. PART Il . Preventive effect of yuzu and hesperidin on LV remodeling ah

dysfunction in rat permanent LAD occlusion model

1. Yuzu and hesperidin prevented LV remodeling and functional

deterioration following Ml
In this studyjt wasevaluated the effects of yuzu and hesperidin on LV remodeling in a

rat model of permanent LA occlusion (PO) As shown in Fig. 7, cardiac function
measurementime was examned by norninvasive echocardiographywentricular
remodeling in the vehicleyuzu, or hesperidiftreated groups was assessed weekly
with seral M-mode echocardiogran(Fig. 8). The vehicletreated group showed a
significantly greater increase in edastolic and engdystolic dimensions (LVIDd & LVID}y
compared to sham grouphis was associated with marked LV dysfunction as reflected by
reduced LV ejection fraction (EElig. 9A-C). LV function was preserved more markedly in
the yuzu or hesperidirtreated groups up to the termination of the study. Howsguer and
hesperidintreatmerdg for 4 week after LAD occlusion did not significantly attenuated
cardiachypertrophy, asneasured by the heart weight to body weight (HW/BW) raiig.

9D).
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Fig. 8. Effect of pre-treatment with yuzu (100 mg/kg/day) or hesperidin (HSP, 30

mg/kg/day) on cardiac dysfunctionRepresentate M-mode echocardiogranas last week
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Fig. 9. Effect of pre-treatment with yuzu (100 mg/kg/day) or hesperidin (HSP, 30
mg/kg/day) on LV dysfunction and LV remodeling Echocardiographieneasurement of
left ventricular (LV) internal dimensions at both systole and diastole (LVIDs and LVIDd,
respectively), LV ejection fraction, amgart weight (HW) to body weight (BW) ratio. Data
are expressed as mean + SEM; *p<0.05 vs. sham; #p<0.0&hisle (permanentAD

occlusion,PO). 3 sham,0 vehicle(PO), vehicle + yuzyuz vehicle + HSPn=10-13.
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2. Yuzu and hesperidin prevented myocardial fibrosis during LV remodeling after
chronic MI

To determine whethan vivo findings have pathological relevance was evaluated the
effecs of yuzu and hesperidin on cardiac fibrosis in a rat Ml model of permanent LAD
occlusion. The rats were treated with yuzu, hesperidin, or vehicle 1 week before LAD
occlusion. As observed upon Massonds drichi
observed in the rats treated with the vehicle after 4 weeks of LAD occlusion, which was
significantly reduced in the group that was-pematedwith yuzu or hesperidin (FidlOA and
B) . Western bl ot anal y-SMAsexpressioreia heartd fromphee g u |
vehicle group, which was reversed to control levels bytqg@tment wih yuzu or hesperidin

(Fig. 11).
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Fig. 10. Effect of pre-treatment with yuzu (100 mg/kg/day) or hesperidin (HSP 30
g/kg/day) on cardiac fibrosis.( A) Representative Massonods t
ventricle. S ¢ al. @) Quantitative ArdlPsis of fibrosis) Bata are expressed

as mean = SEM; *p<05 vs. sham; #p<0.05 vs. vehicle. RE6PO, permanentAD
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36



a-tubulin i em—
< 500 -
— 400 -
=
T 300 #
< I
= 200 A #
UE, 100 - I_I_I
1]
S 0
< & > Q
2 < 1
2 & a8 NS
PO

Fig. 11. Effect of pre-treatment with yuzu (100 mg/kg/day) or hesperidin (HSP 30
g/kg/day) on myofibroblast. Ex pr e s si on odmoothymusctla actigi &MA) U
protein. Representative image (upper part) and quantitative analysis (boatdmPO,
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3. Yuzu and hesperidin reduced the inflammatory reaction and MPO
expression during LV remodeling after chronic Mi

To histologically confirm that myocardialnjury reflected inflammation,it was
performed H&E staining andhyeloperoxidasgMPO) immunohistochemical analysis to
detect neutrophil activity. &E staining showed that the strongest inflammatory reactions
were observed in the vehicle group. Examination of heart sections of the gndu
hesperidirtreated groups showed nearly normal cardiac cells with a-predlerved
cytoplasmand prominent nuctdus (Fig 12. The number of MP@xpressing cells was
significantly higher in the vehicle groups than in the yuand tesperidintreated groups

(Fig. 13).
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Fig. 12. Effect of pre-treatment with yuzu (100 mg/kg/day) orhesperidin (HSP, 30
mg/kg/day) oninflammatory reaction Representative H & E staining sections of the left
ventricle (LV). PO, permanent LAD occlusiol & E, hematoxylin & eosirScale bar, 100

em. -h=6
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