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Isolation and Characterization of Phénolé Producing Yeast Strains
from Red Wine Production Process in Japan

ONDA Takumi*® and KOMASTU Masakazu*

*  Yamanashi Wine Center, Yamanashi Industrial Technology Center,

2517, Katsunuma, Katsunuma-cho, Kousyu-shi, Yamanashi 409-1316

Recently, preventing the development of phenolic off-flavors (‘phénolé’) has become a focus area in
red wine production. Therefore, in this study, phénolé producing yeast strains were isolated during the
red wine production process in Japan and were characterized. Eight yeast isolates were obtained from
red wine samples collected from barrels. Using standard morphological and biochemical tests, these
isolates were identified as strains belonging to the genus Brettanomyces. The isolates were inhibited by
0.6mg/¢ molecular sulfur dioxide, and pasteurization was also found to be useful for sterilization. This

is the first study to report the presence of Brettanomyces in the red wine making production process

in Japan.

(Received Sep. 2, 2013 ; Accepted Mar. 3, 2014)
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Table 1

Data pertaining to phénolé, free sulfide dioxide, molecular sulfur dioxide concentrations, pH values, cell

counts and detection of Brettanomyces of red wine samples collected from the barrels at a wine production site

Concentrations of phénolé (mg/¢)  Actual free Calculated Detection of
Sample No." sulfur dioxide” molec.ula.lr 5 pH Cell Countss) Brettanomyces
LEP? LEG (ng/¢) sulfur dioxide’ by Z-BRETT using DBDM”
(mg/2)
B1 0.300 0.067 5 0.1 3.76 10" -
B2 0.571 0.078 18 0.3 3.65 10° +9
B3 0.229 0.000 16 0.3 3.70 10" -
B4 0.343 0.078 11 0.2 3.55 ND¥ -
B5 0.371 0.078 8 0.1 3.70 10° +
B6 1.229 0.133 2 0.0 3.68 10° +
B7 0.843 0.133 5 0.1 3.65 10° +
B8 1.271 0.156 2 0.0 3.94 10° +
B9 0.871 0.156 1 0.0 3.84 10" +
B10 0.757 0.178 10 0.1 3.85 10° +
B11 1.229 0.233 21 0.2 3.85 10° +
B12 0.029 0.007 16 0.2 3.88 ND¥
B13 0.029 0.000 14 0.2 3.65 ND -
B14 0.058 0.004 11 0.1 3.77 10* -

1) Phénolé odor was detected for samples B1-B11 but not for 3 samples B12-B14.

2) 4-EP: 4-ethylphenol.
3) 4-EG: 4-ethylguaiacol.

(4-vinylphenol and 4-vinylguaiacol were not detected among most samples.)

4) Values measured by the Rankine method.

5) Values calculated using web site of OENODEV Corporation (http : //www.oenodev.com/outils_SO2L1.asp).

6) Z-BRETT: immunoassay (antibody-based)
7) DBDM: Dekkera/Brettanomyces Differential Medium.
8) ND: not detected.

9) +: Detection of colonies with yellow zones.
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Fig.1 Optical micrograph of the isolated yeast
strain SK-01 (magnification, *1,000)
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L7zo MERLZZHIHE, LiIZLidWwL o0 r 525 —
L7z YMEARK B Cld, 20 — 200 sHh
GHMloao=—%BK L, BEALTIEER L. YMIK
KB TIREREDS RO O, SV I—RAFRELTH
AREFE LT, WY 7 aAF Y I Ntz b 50.1%
REECH RAT 2B ASE0 B 7z, 37CTolhm b BIT



106 AAREMRER2A3 VOL.40 NO.3 2014 (6)

Tholzoo WMEEEE, YL 7 —¥iHE, DBBIE  HMERT A V2 HWT, THENEREIC 5Bk %
FEDICBREETHY, 5BEEEZEAZEMIIERTE  FAXLHEREE, FLENTable2 & Table 3IZ/R T, W
T, NUNTUBEERL, B, BFREEREEDS FTNORHZ TR L72ATY, 5 IR AR
Naroiz, Lo Z &6, DBDMEH ETHELGM EEA0.6mg/ L fFELL 1T, ZOEFNE SN LR
7= 0 Wy X, Brettanomyces )& B% £k (Dekkera van der ‘o, B, ToM 2tk (Brettanomyces sp. SK-02
WaltOREER) O TH S L FE L. Mk Lzl BRESK-038k) 2 Hv723 BT b I3IZ AR I 25580
BD9H B, 3HRIZOWT, ZoMoAEBAE LARIEIRE bz EDZENs, RUA VEBETRIIBNT,
MRz A, AME, I =X, VIVE =N, O HAGER S L MRS, pHOBEMZ2ET 52 L EE
NI MBI L ol T2, BHLAGRERE, ThbHIEVMHREINT, EERT A ¥ DOF¥pHS.55
FREERITlE e dr o 720 2O DA AL IR %, The IZBWT, 45 TIRERER0. 6mg/ ¢ &3 572D121%, #27
yeast; A Taxonomic Studyat#®DSmith? [F]%E A F — ng/ ¢ DEEEM B A LE L 42 Do Brettanomyces)& W B
AICBETAHE, RUA Y OFHREE LCHRARZ, i, BWARICE D BRI AR 2 5 2 L 0skiE ST
Brettanomyces bruxellensis Kufferath & van Laer' T&» WHIZENPL, 5% X 0% OSHRO MR %
bl sNTz, ZOREMRIE, BEFLL (26S FHHARLEZEDVLETH 5,

rDNA D 1/D 2 #IR O BHIFENT) TORGEDSLETH F7o, RN EEREEIE, BET T60T10~1550H D
5o B, 7231y ) — V& EALZEBOYE51CHST
3. DBEEESOEIEHE R4 OKRE WS 5 LR MENT WD, T/, T4 (=%

Brettanomyces JB IR O BFEINIE LT O WU, &AL J = WV12%) O¥f, WIS T X 2 2B K
EWVE (TREEY AF N, VIVE VR, REERESE) O O TIE55~60CH 2 T OB TR ThNE Z L
FIH 0200 7 4 V7 —BREY, BELH? 7R EREICHE W& b, % T, Brettanomyces sp. 73 BEMRIZ K § 5 K
BRELXVTHRE SN TS, Dok, REO RN ALEE O BB % PR 7y Z DGR, Brettanomyces
EBEOHBENTHWD ZENTEL o720, FEHW  sp. 3k (SK-01, SK-02%k & SK-03%k) 13, RN
ThWwWbDbEENE, €T, HRIZBITF S K% # (50T 2401, 60C 247) THRE SNz, Tk
IRT A EGETRIZB T, Brettanomyces B EETE D ¥ 5l nh, WETDH—HDOT A ¥ TEE SN T AHIEIEME
MET 57200504 LT, WEEEOFIH & RRNER UL, TEEERR D Brettanomyces J&EERE O BEFHIN I 12 B v
RALB DR % 72, T, ATHHLZ L 2R L,

¥ 9, % BEBrettanomyces sp. SK-01#k % H\v»C, YP SRE, T4 VEGEBIG BT B Brettanomyces )& B TE

Table 2 Growth of Brettanomyces isolates obtained from red wine in YP media wuth differing free sulfur dioxide
concentraions and pH values

pH 3.6 3.3
(actual values) (353)  (351) (350)  (350)  (3.50) (329) (3300 (331  (3.30)
Free sulfur dioxide (mg/¢ )" 0 10 21 23 28 0 10 17 24
Molecular sulfur dioxide (mg/ ¢ )? 0 0.27 0.59 0.64 0.78 0 043 0.76 0.98
Growth of Brettanomyces® ++ + + - - ++ + - _
Detection of phénolé” ++ + - - - ++ _ - _

1) Actual values by the Rankine method. 2) Calculated values. 3) Turbidity of cultured medium after 1 month of inoculation
(++ +: very strong; ++: strong; +: good; *: week; —: no growth). 4) Sensory detection of phénolé odor (+ + + :
very strong; ++: strong; +: good; *: weak; — : not detected).

Table 3 Growth of Brettanomyces isolates obtained from red wine in red wine media with differing free sulfur
dioxide concentrations and pH values

pH 3.6 3.3
(actual values) (353)  (360) (363) (361) (362) (329) (330) (331)  (3.30)
Free sulfur dioxide (mg/¢ )" 0 11 20 32 41 0 7 15 24
Molecular sulfur dioxide (mg/¢)? 0 0.22 0.37 0.62 0.78 0 0.27 0.57 0.94
Growth of Brettanomyces” ++ + + - - ++ + - _
Detection of phénolé” ++ + - - - ++ - - _

Refer to the footnotes to Table 2.
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Classification of Okinawan Welsh Onions (Allium spp.)
on the Basis of Morphological Characteristics
and Volatile Aroma Compounds, and Analysis of Their Functionalities

ARAKAKI Mika*'*?, TAKAHASHI Makoto**®, SHIROMA Kiyoshi*’, FUJITA Shuji**
HOSAIN Md. Amzad*), TAKARA Kensaku** and WADA Koji**

% 1  United Graduate School of Agricultural Science, Kagoshima University,
1-21-24 Korimoto, Kagoshima 890-8580
% 2 Faculty of Agriculture, University of the Ryukyus, 1 Senbaru, Nishihara-cho, Okinawa 903-0213
* 3 Horticulture Promotion Division, Department of Agriculture, Forestry and Fisheries of Okinawa Prefecture,
1-2-2 Izumisaki, Naha-shi, Okinawa 900-8570
* 4 Nakamura Gakuen University Junior College, 5—7—1 Befu, Jounan-ku, Fukuoka 814-0189

We investigated the morphological characteristics and food functionalities of seven cultivar of
Okinawan Welsh onions (Allium spp. ‘Tsuken’, ‘Ginowan’, ‘Nakagusuku’, ‘Taketomi’, ‘Haneji’, ‘Bise’,
and ‘Makabe’) and cultivars of two other Welsh onions (Kujyo and Nagasaki of Kyoto and Nagasaki
Prefectures, respectively) as controls. Further, their volatile aroma compounds were examined using
gas chromatography (GC) and GC-mass spectrometry. Among the tested Welsh onions, only Tsuken,
Ginowan, and Kujyo showed flower-bud formation with wide leaf sheath diameter (Type I). Among
the Welsh onions, excluding the Type I cultivars, Nakagusuku, Taketomi, and Nagasaki were
confirmed to have a dormant season (Type II), while the remaining three cultivars (Haneji, Bise, and
Makabe) had no such dormant season (Type III). The volatile aroma compounds of all the tested
cultivar samples consisted of four functional groups: primary thiols, sulfides, alcohols, and aldehydes.
Two-dimensional principal component analysis was used to assess the relative concentrations of the
four functional groups to classify the aroma characteristics; the classified compounds were found to
be closely related to the morphological characteristics, except for those of Makabe. Further, to
evaluate the food functionalities, the total polyphenol contents and antioxidant activities of the Welsh
onions were determined. All the samples contained a polyphenol and showed antioxidant activities, ;
however, the activities had little association with each morphological characteristic of the seven

cultivars.
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wakegi Araki) 7 &, FAFEORMUELELEMPY 2L,
W7 IVT7EPLICERE LTHESRTBY, HATD
T O FERITFELE LTHLINTEZY, A FHIE
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VANT A FY RO ZRMITIRAETEANVT AR, F
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P DEFLEM L Z EDRLE TN TV 5,

—J7, MHEICBWTHE LS A FTHOER b
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BTLAFLE T FHRRELCRMINTBY, WHL
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FOEMTH LT 7 AFLIEWSINT VB0, K
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HiZowTHMEETo72. 2, TNETIZHEDOMN
B X UMK OTEE LT, 7 Ko hoREis
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ENTwb, 22T, 7HIEO R FHOFLXLD % 54
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HOBAEY) 7 2 7 —)VB X OHBALTTE & v o 72 itk
VIS BT, ETOAMEIEONOTHET %,
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1. &  #
AFEIIMHRL O 7 Mk GRE, HEE, T, e,

TIH, fEdEs X OEEE) SIUEL T O A THEY
w7z (Fig. 1o FoMWE LCHEBHFE JLERKARF,
UTRGAF) BLORERE (RIBKET7 7 ¥, DTV
RIG77¥) oAxAFHizZznEnlviz, Tho 9
O FHIL, 20114F 3 A ITTRBRK B 2R MY g i By —
4 =)V FREEER LY ¥ — = — by AN THE
AMIBLUOER 21720 ThbD, EXAFHIIED
Fio 72BN 5 mORIICHEL, ROES%2~3
em TY) Y fi 728, HROMAL (BRASHBOTKEY,
TEWCWEE) BL OB LB A2 AR @ 2 TRA,
FELARY Ry b (EE8cm, AHEK200ml) 12X
OEHHPENDRBREORS TH AT 72, HLHL
DAL PEE, NP :K=0.40:0.40:0.38 (g/¢)
THolzo FEHMEMMBHEIL, NO:-N: POP !
K:Ca:Mg=18.6:5.1:8.6:8.2:3.0 (me/¢) »
W2 fEH L7z A FH oM, R60H 2@ L
726 QI A FHENHEL, SHTICH 7,

2. HEHLUERSHORAE

IHE L 7248 A T O D 23w X9 ICES AR
o5k (72721, HEgE, EREEATBL S
¥ 3 MR &EY, BHEMEE LT, EEL, 3
YR, HEEE, SRS, o, BN, S4EB L

s
Pl

Ishigaki island

Okinawa main island

Fig.1 Map showing the location of the cultivation areas
of Japanese Welsh onions in Okinawa Prefecture

1, Tsuken;
5, Haneji;

2, Ginowan; 3, Nakagusuku; 4, Taketomi ;

6, Bise; 7, Makabe.



(11) Gk 30

HEIELPE R O M & BRBETE 111

UEZEORERE L2 BEOBICOWTIIHEK S D
FHEZHEw, e DR (BUTFRE) BLOREE 5L
DES (LLFBRD 1208 L7z ARSIV T
i, AFHOWZMNTHEYSIE T coMBThIzBITS
HAFEHOEES X EFIIBIT 2RI oA %
W72
3.8 =
BRI O [ A v 72 B R bRk T3
) FOBEAL, BA) 72/ = VoIl
FETH ARG CHEA L, PR biEEom
E A H v 72 TroloxixCalbiochem, 7 )V + L & 4 V&
Sigma-Aldrich, 2, 2°-7VE R (2-XF NV 7FaEF v
T IVY) “HEEE (AAPH) ZHIGHIETEEAL 2
bOEHH Wz, ZOMORIEILT R THROSER A %
fEH L7z
4. BEREFDIR
EAFHOFLE T OGN, ELiERTH 5 HE
BHx Wz, Thbh, EEHE2RBRERNICH2~3
miECHIET L, 2D 1g%20mé/ 54 7 WVIERILL 2%,
BHLTAY FAR—ZAH 75— (7IYL ¥ ML, G
1888) T40C, 304 MO FHbZ T 5720 N4 TIVINED
DNy FAR—=ZAHF AL, Mhdre LTRERAS + V1L
Wiigs (FID) #2¥fL2Arzuxbhr57 (7IL
v M4k, 7890A, LLTFGC) #HWTHMN &2 T o720 #
5 LIZDB-WAX (7 YL » b#k, P50, 25mm, £ 260
m, BE0.25mm), FXYUX—FALLTAY 7L ZfH
ML, 79 AEIZ40C TS G L2%, 5C/a
OEET200CETHE L2, 28, £AXAFTHOFLZL
SaEld Y — 27 omifEfEE L, WA 1 SIS LT3 m
OHMRATV, HREEOFY B L OB FEZ JI L7,
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1t%, AAPHZIN 1 704505 1 4 M T304 MHlE L7z,
HOGIRPE 2 R IICEEER L2 75 7 O BA T A 2
L, HEEWEREI00g H72 ) OTroloxti 4 & (umol-TE/
100g-FW) & L CORACIHEM:AEZ 5 H L7z,

6. HMErFRILIE

B LTI £ EHER = TR L 72, AR ORETL
I TukeyD HEIZHEDOWLLEHEIZE D IfTw, P<
0.01F7213P<0.050%E 2 A EAED Y LHE L2, %
72, AFHOFZIEOSHIZF S50 (Microsoft
Office Excel2007, LLTFPCA) #HWTITo 72,
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BHEGCTREMEZRITE SN TE Y, HFEE
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Table 1 Comparison of the characteristics for the classification of nine Welsh
onion cultivars
. Inflorescence )
Area Cultivars Dormancy  Shape of bulbs®
development
Okinawa Tsuken - B
Ginowan - B
Nakagusuku + R
Taketomi + R
Haneji - B
Bise - B
Makabe - B
Kyoto Kujyo - B
Nagasaki Nagasaki + R

“B, bobbin shape; R, round shape

HTOAFH LLIET T AFTHAHWREMEIRIE S L,
ULEofEREy, mfIRED A FTHICOWT, #EERED
X O EBERE A FIISA T L ABROLEERE A T
LT IR, vEBIUOMEEATIIRFT 7 LH
FROFFRIRPERE A ¥ (LUF D&Y, JIHbeE, i
B L OEREEE A FITIRRIREBE A ¥ (LT IR
D3DDTN—FIZHHEENT,

KIS, W=7 —TPNIB W THIEHNIC & FHO—#%
Wz 7 g (M EEL, EHE, SR, S 00
O, EERBLIOEAEE) ZHIE L7 (Table2),
TEOAFHIIONWT, FRESLIOCEAHEESTIET
RTOBERFEIZOVWTENRBOON L o7z LAL
A5, WO AFIE, WL, BHEE, EHE
BLUOGTOBIIOWTHBES L OEREELT LT
BLTHL2REVERDL (P<0.01)e 2D &
L, #EEBIUCEABEEATINGATLIIR L LM
FECTHAHWREMARE I Nz TROLFEHIIOWT

IR E A TR EEA T LB LT, BB 66
%<, FRAEEAEIBDO Lo b00, ML, #
B, BB ICaEETEWEEZ R L. —J,
BEAFTOZEREL, HRORKT Fr LKL T
BEECERD LGN NS, WA FEIZEV
TERIRICH A UREEARIE S Nz MAID £ FHHIZOW
T, BEREEATIPME AT LR LT, MBI, 3
BEBIUVEMETHEICEWEZRL (P<0.01),
R CIIAY L. 5%, EAE T2, 3 mWiEE R L7
— KT, FHEDL L OCIHEE A F oS 8, FREE
AF LKL THLA~1L6M5EL, T v—To
AFHELBLTCOHOLPIITE WVEZRT I &5, T
W B X O MHEE & 1, FRCHF R R & v o 724
WMYEAET LT AFOMNEEI RIS Tz,

X5, BIV—FTHIIBIT 5 X FHOEMW Y
DEWEZFTHE, TEAFHOLEEN6. 0~9. 0mnd
HPIZHAM L TWBOITH L, THEB X IR OZERE

Table 2 Comparison of the growth parameters among nine Welsh onion cultivars

T Culti Plant height Leaf blade Leaf sheath Leaf sheath Number of Number of Total weight
e ultivars
cm ength (cm ength (cm lameter (mm tillers eaves g
P (cm) length(em)  length(cm)  di () til I )
I Tsuken 368 *=24™ 293 =21 110 *15° 6.0 =*0.0" 57 *£21" 13.7 £50" 292 =74
Ginowan 345 *£42* 283 +38* 108 *13" 70 *26® 37 *06™ 9.3 =0.6"™ 17.7 £6.0™
I Nakagusuku 401 *37° 318 =33™ 104 =*=08™ 48 =*06" 46 =05 210 £33 200 =29
Taketomi 343 *=31™ 281 =27 104 =*11™ 32 =*=04° 46 05" 134 *£24™ 121 =*=23%
Haneji 258 +21° 243 =19 76 *02° 28 =04° 62 *04" 168 *1.6" 6.9 =0.8°
I Bise 343 =66 302 =*=53™ 81 =04 28 =08 72 *1.3° 216 =44 112 *=6.0¢
Makabe 426 *+33" 361 +28 109 *09° 42 =*=0.6“ 46 *=1.3" 176 *£43* 159 =*=1.9¢
Control Kujyo 65.2 *57* 515 *£54* 172 =08 9.0 =*1.0° 1.0 *0.0° 50 *£0.0° 278 *=55
ontro
Nagasaki 384 =*52° 316 *37* 118 *11" 40 =04« 40 =12 126 *£30™ 171 =*3.3"

The values are shown as means * standard

deviation (SD).
=~dMeans with different letters are significantly different at P <0.01 by Tukey’s test.
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G TAENCH AT/ E VW (D#, 3.2~4.8mm ; M %Y, WA EOWA LS, 81 FHETIE A FRMEOEF
2.8~4.2mm) Z/RT I ENDS, TRURFTHITR A FR, DERETHANT 4 FEBIOFF—VEHEEVIEOM
OHB X OIEIGM A FRICOEINS EEZ BN, B2 /R9 W, o2 ERSET7T Ve FEBI O T Va—
PDED X5, MMENOZHIRO A FTHOBEB LY VEHESVIEOMMZRTH L BRI S5hiz, K,
ATERFEC X D BB G ST RETH ), TS 81 BRI EELR12EGOEHALEMOHERTH S
N7 ATHORHOIWPS NPT LI ENTEX, LAIL LD, BEXEREOEHRD L TW5 LIEE S hiz,
LS, BFRIZ2011FEDADT—F TH ), FHEH  KAFHOE 1 EESBLUOE 2 RSO R T 7 HAK
DOWFEMEDSRIBEENE Z L0, SHIFHELHZERE  %Fig.2 B) IR L. TOWMKICB W THERBERE
L7z Y TVONER T — VB LETH L L EZ S TEBE, BPEBIUERBNFEICL > THEET
N5, B, ITRMBLIUCTIHOAFHEIE, FhEHFELLLEFER
2. MBREXXERIIEETNIBETRIOHMF FHEICEROD&EPHETE . Tabb, THIIHESIN
AFFOFD I E LTRIEELZNTO 1> HEEBIOCETEREATIALAT L DI, Box
EEZOND, MHEEATHEB X OB TH 5L FHICHR, EWibEw, 7TVTe FBLOT7TVa— v
SAFLRFETFFOFRRESE LTITERGEZFEL, BRIV E L, FEABRENCHAFHEAOEFRY HHV
FIDCT#E®E L MififE%, Table2 DILEE X OERER AR I Nz 0, TROBEEL X ONEERT
B X D B L RICESWTRLZ (Table3), @EEBE7 XL &1, GHLEWEEIEL, A FhH
%€ ENT1THD D B TSI EMILEWTH 5 A HOBNENEZLDIEIREING, =V =RV v
V74 FEFEALZFA—VETHY, PHREEATEHO ) —F0 X9 RWKIRMEZ D DAllium & ORI, KIR
HRBEDEE~IT% % f 7. AlliumBED ERELFLXL HICETALEWORBYWE THL 7V Y IVS-TIF
FEERALEWTH B I L BEHMEOVENTBY, VYATA VEEFETLZDPZ s, THIZHH SR
HTHEILEAT (90%) LRIFTFE (96%) L& BITEY A TORFEITONT SR W RTER L
DT, MR A FHET ORISR SN, K4 EEICERLTWwAEEZ LN, F72, THTHA
FH ML TRO BV ERM % /R L7z 1-Propanethiol — JIHIPER X Uil E A FOEMALEWERIZ T M 2 13(T
BELAFHERF Y RXYMDOIZBWYEEL, AFRT7H FLTHBEH, TVFe FEBLITT VI — VEHNTH
U FOR ) — I E TN T VLR GTTH S, £ ROIBOAFHEIHRTEVE W) FELZSFEZ R L7,
72, 1-Propanethiollc R W THE W EREfE % /R L7=Dipropyl  Allium)g D) —F OFZRIL L LT, REFIBHEOE
disulfideld, = Y= 7 R EAFTHROIIBWPEE L, FZERICICIAG20MYTHILIEBET VT K7V a—
AFVOD0) —RBOM, Ty ay PR FOEZ WBFHEPINTWEZ LR, BITBORMEYS- & & 12,
DL, FFRBICBASETITNIHAGTHS, Thbd TIVFE FER 7V I = VHOELSEEANDFL (2o
DFF—NVEBLOANVT 4 FHIZ, TENZHHEL-E THREMICOM T ALERD L LEZ LN, S 51T,
BEREA F 2R E, THOMAFATHEF CHCEAZR  JBES X OERNRED O AN S 7 BURERE & ¥
L7zo —0, LAWK somT&EAFHICIEL 3, 7VFe FEBX U7V a— VEOER MO A
THIHENWTIE S WG DA TH 72, FEFZES L0 HEL, KRZTHDEVICL22b ST, &bds
T& % 1-Propanethiol & Dipropyl disulfide® B fiEid %1 PEREIZIROAFHEIHRTE LG o720 5812,
Z10.13x10 *ppm, 7.1x10*ppm, ¥ 72, Methanethiol,  TEE B X O A RERYSEE O FEMT 2 AT R /RIS B 5.9
Allyl mercaptan, Dimethyl disulfide, Dimethyl LHETERIE D B0 2TV, Bz BIcsE s
trisulfide & \V o 72D FF — VEHB L AV 7 1 FEOD N5 2R THLEND 5,
Bl Z Zh0.11 %10 2ppm, 0.04%10*ppm, 1.23 3. MEBEEXXBEOMBERY 7 2/ - LUHRERLE
X10 *ppm, 0.17x10*ppm& \» 9 HEIDH Y, 4 1H HORIE
B SNz 7 Vv a—= VR T V7 e FEOBME L T PLAE, ORI 2 EOFTERBEO TR 2 Hiy &
10~10°F — F —HEWD Z L2 5, SIbaW oM< L7z, B3R EOEMICE TN LI E oD
LROBNIEAFHOFLAMMEICREEE LTS EHENRTWS, AlliumlBDOHFIZBWTLH, EAFR
EEZON, T2, FAFHICRERILAWLUINCT V=R EWETEE L OVMBILWEB I UZNSD
Ve NE2 KA E 7V a— V3 a3l LTt EREREEITER I N TW 27228, MR EE & FHIC
IN/zH, EOERMED FAFHEBTIIEL > T, DWTOMAIE RV Fig. 3ICHEAFHOKBKRY 72/
ZIT, ZAFTHOFLEGTHHANT 4 FH, 7  — VB XOHEBLIETEE L CORACIHEMMEZ /R L7z. i
F—VH, TVTFe FEBIU 7 Va—VEOEREZ  MEELATEHOBRERY 7 £ ) —)1i320.1~38. Img-GAE/
EEHELTPCAZHWTHNL, FAFHOEFLSE  100g-FWOHIPHICH ), MEESAFIRDEL L (38.1
DL R -7 (Fig.2)o 8 1 ERSIZ54. 7%, ng), KW THIEE R ¥ (34.2mg), HEERE X F (34.0
82 F 238 4% D TE M ER S, Fig.2 (A) © mg) THo7zo WHROXAFHEHTITRRT 7r A 5 <
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Phenolic Extract from Japanese Apricot Fruit (Prunus
Mume Sieb et Zucc.) Inhibits Disaccharidase Activity in
the Small Intestine and Suppresses the Postprandial
Elevation of Glucose Levels in Rats

KISHIDA Kunihiro*®, SUZUKI Masaya*, HEYA Yuichi*,
YAMAZAKI Yudai*, HORINISHI Asako® and OZAKI Yoshihiko*

%  Department of Science and Technology on Food Safety, Kinki University, 930 Nishimitani, Kinokawa, Wakayama

We investigated the

inhibitory effects of Japanese apricot phenolic extract (JAPE)

649-6493

on d

isaccharidase activity in samples obtained from the small intestine of rats and its suppressive effects
on postprandial elevation of blood glucose levels in rats. JAPE inhibited maltase, glucoamylase, lactase
but not sucrase, isomaltase, trehalase that were present in the samples from the small intestine.
Kinetic analyses indicated that the inhibitory modes of JAPE were mixed/ non-competitive for maltase,
uncompetitive for glucoamylase, and competitive for lactase. In the sugar load tests, postprandial blood
glucose levels were significantly suppressed when maltose, sucrose, starch, but not glucose, was
administered in combination with the JAPE to rats. The results indicated that the JAPE had no effect
on glucose absorption and that the suppressive effects on blood glucose levels were caused by the
inhibition of disaccharidase. The JAPE did not affect the amount of glucose absorption because
AUCo120mn was not altered by the JAPE. Hydroxycinnamic acid derivatives in JAPE may partly
contribute to disaccharidase inhibition. These results suggest that JAPE could be useful as a food
ingredient to reduce the risks of lifestyle diseases such as type 2 diabetes and obesity.

(Received Jan. 9, 2014 ; Accepted Apr. 7, 2014)

Key words . Japanese apricot, phenolics, disaccharidase inhibition, postprandial blood glucose
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Hyperglycemia accelerates lipogenesis and fat

accumulation, and is a major risk factor for

cardiovascular and neurological complications in
patients with type 2 diabetes”. Glycemic control is
crucial for reducing the risk of chronic metabolic
diseases. Alpha-glucosidase is the key enzyme that
step in the digestion of

catalyzes the final

carbohydrates.  Alpha-glucosidase  activities are
associated with two protein complexes anchored in
the brush border membrane of the small intestine, i
e., maltase-glucoamylase (MGAM ) and sucrase-
isomaltase (SI). MGAM and SI, which are composed
of duplicated and four o-

catalytic domains

glucosidases, are involved in the final step of

digestion” . Hence, o-glucosidase inhibitors are
believed to be good candidates for antidiabetic
drugs because they delay carbohydrate digestion
and absorption and thus lower postprandial blood

glucose and insulin levels. o-Glucosidase inhibitors

such as acarbose, miglitol, and voglibose are widely
with type 2 diabetes.
reported that they cause

used to treat patients

However, it is often
diarrhea and other intestinal disturbances”. Much
effort has been made to find effective a-glucosidase
These

have a low incidence of serious gastrointestinal side

inhibitors from natural sources. inhibitors

P9 and can be included in a functional diet

effects
that can possibly alleviate or prevent hyperglycemia-
induced disorders. Many phenolic compounds have
inhibit
Among them, acylated anthocyanins and caffeoyl
inhibition. An
in the number of caffeoyl

been shown to a-glucosidase  activity””.

derivatives have shown strong

increase groups in
acylated anthocyanins and caffeoyl derivatives were
reported to increase the effectiveness of inhibition
9~ " This suggests the importance of acylation or
esterification in o-glucosidase inhibition. Recently, we

reported the phenolic profile of the Japanese apricot

§ Corresponding auther, E-mail : kishida@wakakindai.ac.jp
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(Prunus mume Sieb et Zucc.)", and established a
protocol for extracting phenolic compounds from the
Japanese apricot “umezu”, which is the juice that
exudes from the salted fruits. The Japanese apricot
phenolic extract (JAPE) contains 11.5% (w/w)
phenolics, expressed as gallic acid equivalents, and
mainly consist of hydroxycinnamic acid (caffeic acid,
p-coumaric acid, and ferulic acid) derivatives
(unpublished data). Thus, the JAPE may show an
inhibitory effect on a-glucosidase.

In an inhibitory assay, it should be noted to
clarify the effects under more physiological
conditions. Significant differences in inhibitory effects
were observed between mammalian- and yeast-
derived oa-glucosidases. (+)-Catechin was found to
inhibit yeast o-glucosidase, but not rat a-glucosidase,
when p-nitrophenyl-a-p-glucopyranoside (PNPG) was
used as the substrate. In addition, inhibitory effects
have also varied across substrates used. D-xylose,
inhibits
showed no inhibition in the PNPG assay. Therefore,

which uncompetitively sucrase activity,
PNPG would not be appropriate for screening
uncompetitive inhibitors”. OKU et al. reported that
the hydrolyzing activity of disaccharidase in humans
was similar to that in rats and that the digestibility
of saccharides measured using enzymes found in
the rat’s small intestine could be extrapolated to
humans”. In this study, we investigated if the
JAPE inhibited disaccharidase activity in samples
obtained from the small intestine of rats and
suppressed the elevation of blood glucose levels in

rats.
Materials and Methods

1. Phenolic extracts
JAPE was obtained from umezu, which is the

juice that exudes from salted Japanese apricot fruits.

The details of the preparation method for the JAPE
described JAPEs
derivatives of hydroxycinnamic acid (caffeic acid, p-

will  be elsewhere. contain
coumaric acid, and ferulic acid) as free forms, quinic
acid esters, and sugar esters. The proportion of the
1.2% for caffeic

acid, 2.6% for p-coumaric acid, 1.1% for ferulic acid

phenolic moiety was as follows :

(w/w for each). The total phenol content measured
by means of the Folin-Ciocalteu method was 11.5%
(w/w) in terms of gallic acid equivalents (unpublished
data).
2. Disaccharidase assay

Ten male Wistar rats (Kiwa Laboratory Animals

Co. Ltd.,, Wakayama, Japan), which were fed a
standard solid diet (MF diets; Oriental Yeast Co.,
Ltd., Tokyo, Japan), were included in the study.
Brush border membrane vesicles (BBMVs) were
obtained from the small intestinal mucosa of these
rats. After a 16-h fasting period, the rats were
sacrificed and the small intestinal BBMVs were
prepared according to the method of KESSLER et
al” The BBMVs were suspended in 0.01 M sodium
phosphate buffer (pH 7.0) and stored at —30T
until use for analysis. The disaccharidase (maltase,
sucrase, isomaltase, glucoamylase, lactase, and
trehalase) activity was determined by Dahlqvist’s
assay with a slight modification. Briefly, 0.1 m¢ of
0.1mé of

substrate (maltose, sucrose, palatinose, soluble starch,

enzymatic solution containing BBMYVs,

lactose, and trehalose) for each disaccharidase, and
0.1 m¢ of the JAPE were added to the respective
test tube and mixed. Each solution was preliminarily
diluted in 0.05 M sodium maleate buffer (pH 6.0) to
an adequate concentration to determine the activity.
After incubation for 10~30 min at 37C, 2 mé of 1
M Tris-HCl buffer (pH 7.0) was added to stop the
disaccharidase

reaction, and the glucose

concentration was determined by an enzymatic
colorimetric assay with Glucose CII test Wako
(Wako Pure Chemical Industries Ltd., Osaka, Japan),
which is based on the glucose oxidase method. The
standard addition method was used to measure
glucose because the JAPE inhibited the glucose
oxidase reaction. Palatinose, which has an o-1,6
glycosidic linkage and is hydrolyzed by isomaltase,
was used instead of isomaltose. All substrates used
in this assay were of analytical grade and obtained
from Wako Pure Chemical Industries Ltd. Protein
concentration was measured by the DC Protein
Assay (Bio-Rad Laboratories, California, USA) with
bovine serum albumin as a standard. To study the
kinetics of inhibition, varying concentrations of
substrates (2 ~32 mM for maltose, 2 ~128 mM for
sucrose, 0.5~16 mM for palatinose, 4 ~32 mM for
lactose, 1 ~32 mM for trehalose, 2 ~12 mg/m¢ for
soluble starch) were mixed with their respective
disaccharidase in the absence and presence of the
JAPE (1 mg/mé and 2 mg/mé). Enzyme activity was
calculated as micromoles of substrate hydrolyzed -

| -1

min"' - mg ' protein (maltase, sucrase, isomaltase,

lactase, and trehalase) or micromoles of glucose

1 -1

released * min"' * mg™' protein (glucoamylase). The

mode of inhibition was determined by Lineweaver-
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Burk plot analysis.
3. Sugar load test

Male Wistar rats (18~33 weeks old) were used
to evaluate the effect of the JAPE on postprandial
After
fasting period of 16 h, a single oral administration of

elevation of glucose levels. an overnight
each sugar (maltose, sucrose, starch, and glucose)
was carried out at a dose of 2g/6mé/kg body
weight (BW) in the absence and presence of the
JAPE (250~1,000 mg/kg BW). The same rats were
used throughout the experiment. JAPE and sugar
were dissolved together in distilled water and
administered to the rats. Blood glucose levels were
measured from the tail vein using a handheld blood
glucose meter (Glutest Neo Super; Sanwa Chemical,
Nagoya, Japan) before and 10, 20, 30, 60, 90, and
120 min This

approved by the Animal Care Committee of Kinki

after administration. study was

University, and the animals were maintained in
accordance with the guidelines.
4. Statistical analyses

The blood glucose levels have been expressed as
mean = SE for each group. Statistical analysis was

performed using one-way analysis of variance
( ANOVA ) followed by Bonferroni multiple
comparison test performed wusing IBM SPSS

statistics software, version 19.0 (IBM Co., New York,
USA). P-values less than 0.05 were considered
statistically significant.

Results and Discussion

1. Inhibitory effects of the JAPE on disaccharidase
activity
The JAPE
glucoamylase, and

inhibited the activity of maltase,

lactase but not of sucrase,

isomaltase, and trehalase present in the small
intestine samples. Lineweaver-Burk plots and kinetic
data (apparent K. and V..) of each disaccharidase,
with and without the addition of the JAPE, are
displayed in Fig. 1 and Table 1, respectively. The
K. wvalues for the disaccharidases under control
conditions similar to those previously
reported®™. The JAPE increased K. and decreased
Vi However, the K. and Vi
glucoamylase decreased in the presence of the
JAPE. The JAPE increased the K, value of lactase,
but did not affect its V... Kinetic analyses indicated
that the inhibition mode of the JAPE was mixed/

non-competitive  for

were

values of

maltase, uncompetitive for

glucoamylase, and competitive for lactase. In

mammals, the four catalytic domains, the N- and C-
terminal subunits of MGAM and SI, are involved in
maltase activity. MGAM and SI account for 20%
and 80% , respectively, of activity.
Additionally, MGAM total
glucoamylase activity and 1% of isomaltase activity.

maltase
accounts for the

SI accounts for the total sucrase activity and almost
all of the isomaltase activity*”. This study did not
identify the domains of MGAM and SI that were
inhibited by the JAPE during maltase
Moreover, sucrase and isomaltase were not inhibited
by the JAPE. JAPE possibly inhibits
activity in the SI complex by binding to the sucrase

inhibition.

maltase

-maltose and/or isomaltase-maltose complex. Because
maltase inhibition is not competitive, JAPE can bind
to the JAPE
uncompetitively glucoamylase ; this

enzyme-substrate complex. The
inhibited
suggests that it binds to the starch-glucoamylase
complex. Fogarty et al. reported the uncompetitive
inhibition of thermophilic amyloglucosidase, purified
from Aspergillus niger, with gentiobiose used at 20
mM and with starch as a substrate®™. Gentiobiose is
a disaccharide and sugar moiety of amygdalin,
which

cyanogen compound. JAPE may contain gentiobiose

is present in the Japanese apricot as a

or its analogs, which may attribute to glucoamylase
JAPE
(caffeic acid, p-coumaric acid, and ferulic acid)

inhibition. contains hydroxycinnamic acid
derivatives as free forms, quinic acid esters, and
previously isolated
acid, 4-0-
caffeoylquinic acid and 5-O-caffeoylquinic acid) and

sugar esters. We have

chlorogenic acids ( 3 -O-caffeoylquinic
some p-coumaricacid esters of acetylated sucrose in
JAPE (unpublished data). KamiTani et al. reported
that chlorogenic acids (3-0-caffeoylquinic acid, 4-O-
caffeoylquinic acid and 5-O-caffeoylquinic acid) had
similar half-maximal inhibitory concentration (ICs)
(mg/m¢) values for maltase (0.799~0.816), sucrase
(0.980 ~ 1.01) , (0.145 ~ 0.168 ) .
Feruloylquinic acids also showed inhibitory effects,

and o-amylase

although their effects were weaker than those of

#  Hydroxycinnamic  acid

caffeoylquinic  acids
derivatives in JAPE are possibly responsible for d
isaccharidase inhibition. Further research will help
elucidate the contribution of each hydroxycinnamic
acid derivative to the inhibition of JAPE.
2. Suppressive effects on the elevation of blood
glucose levels in rats
Sugar load tests were performed to evaluate the

suppressive effects of the JAPE on the elevation in
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11 - 95 1 Table 1 Kinetic parameters of disaccha-
Maltase Sucrase Glucoamylase ) S )
ridase inhibition with the JAPE
09 1 191 .
JAPE concentration Kn Vinax
07 - 14 | Maltase
i control 2.5 39
0.5 A 1mg/mé 2.8 2.8
09 7 2mg/mé 27 25
0.3//3
Sucrase
01 - 04/ control 23 1.6
1mg/mé 21 14
~05_g1) 05 08 - 04 2mg/né 20 14
1/[8] Glucoamylase
control 33 22
B 1mg/mé 2.1 1.2
33 4 Isomaltase 90 Lactase 75 1 Trehalase omg/ml 13 091
80
70 1 Isomaltase
60 - control 34 0.28
i 50 | 1mg/ml 2.7 0.24
2mg/mé 2.9 0.25
40 A
30 - Lactase
2 1 control 26 0.32
10 1mg/mé 90 0.43
0 2mg/mé 110 0.38
7 01 03 Trehalase
control 7.3 13
Sl 1mg/mé 6.4 1.2
Fig.1 Lineweaver-Burk plots for kinetic analysis of disaccharidase 2mg/ml 70 12

inhibition by JAPE

[S], concentration of substrate, mM or mg/mé; V, micromoles of substrate

1

hydrolyzed * min~

of JAPE added

postprandial blood glucose levels in rats. The JAPE
did not
elevation

alone cause blood glucose
Fig. 2 shows the

variation in blood glucose levels before and after

significant
(data not shown) .

the administration of each sugar (maltose, sucrose,
starch, and glucose) in the absence and presence of
the JAPE. In all tests, the elevation in blood glucose
levels was observed 10 min after administering
sugar. Significant suppressive effects of the JAPE
were observed except in the glucose load test,
which indicated that the JAPE had no effect on
glucose absorption and that the suppressive effects
on blood glucose levels were caused by d
inhibition. The

maltose and starch containing JAPE significantly

isaccharidase administration  of

levels after 30 min in
174.8

suppressed blood glucose
comparison to each control group (maltose :

- mg ' protein or micromoles of glucose released:min "' -
mg ' protein; <>, absence of JAPE; [, 1mg/mé of JAPE added; 2, 2mg/mé

Viax, expressed as micromoles of substrate
hydrolyzed-min~'-mg™' protein or micromoles
of glucose released * min™! - mg™' protein; Kn
expressed as mM or * mg/mé; Vmx and K
were calculated with Lineweaver-Burk plot.

1

+4.9 mg/dl vs 204.4 =12 mg/d¢ for control ;
170.8 =12 mg/d¢ vs 185.7+9.4 mg/d¢ for
control). The JAPE also showed the suppression in

starch :

sucrose load test although it did not inhibit sucrase
activity. JAPE used at a dose of 1,000 mg/kg BW
resulted in a significant reduction of blood glucose
levels up to 30 min (10 min: 142.6 9.4 mg/d¢ vs
172.3+14 mg/d¢ for control; 20 min: 144.8 *8.0 mg
/d¢ vs 1687 =89 mg/d¢ for control; 30 min: 139.8
+8.5 mg/d¢ vs 166.3 =10 mg/d¢ for control). The
reason for this discrepancy between in vitro and in
vivo results is unclear. However, the total sugar
content in JAPE (phenol-sulfuric acid method) is
approximately 60% (unpublished data), indicating
that hydrolysates of JAPE from gastric digestion
may Iinhibit sucrase activity. The area under the
curve (AUCoumn) is shown in Table 2. There was
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230 - * Maltose 190 | T Sucrose Table 2 Area under the curve
S 210 | | (AUCg1omn) of postprandial glucose
ga 190 1 170 4 levels in the absence and presence of
= i the JAPE
E 170 4 150
2 150 E . AUCo-120min
© 130 ; JAPE concentration 0 ’
2 130 | 110 4 (mg * min/d¢ )
Q
= 104 pogos 90 ¥ ] JAPE 1000mg/kg vs control Maltose
< 90 #
_8 JAPE 500mg/kg vs control 70 T P<0.05 control 21,400 * 1,274
m 70 ~ ~ JAPE 500mg/kg vs control 250mg/mé 20,600 = 1,132
04 \ \ 04 ; ; +
0 20 100 0 P 100 500mg/mé 19,792 £ 830
1,000mg/mé 20,408 = 948
230 - Sucrose
g 210 | Starch 290 | Glucose control 17,635 + 984
Eo 200 4 250mg/mé 18191 = 958
= 180 500mg/mé 15,714 * 545
()
2 160 - 1,000mg/mé 16,295 + 697
9 140 -
8 120 | Starch
=]
) 100 4 I control 19,174 + 506
T 90 P<005 80 8 500mg/mé 18933 + 630
[29) 70 JAPE 1,000mg/kg vs control 60 1,000mg/mé 18,926 + 898
0% ‘ ‘ T \ \
0 50 100 0 50 100 Glucose
Time (mln) Time (mln) control 20,745 + 1,312
Fig.2 Suppressiveeffects of the JAPE on postprandial blood glucose 250mg/mé 19,677 = 668
levels in rats 500mg/mé 19523 = 777
1,000mg/mé 18,186 = 562
Data are expressed as mean values with SE (n=6). — < ——, Control; - - -
M- -- JAPE 1,000mg/kg BW: —--A--— JAPE 500mg/kg BW; - NI Data are expressed as mean values with

JAPE 250 mg/kg BW

no significant difference in the AUC calculated from
each sugar load test, which suggests that the JAPE
did not affect the amount of glucose absorption, but
delayed digestion.

Conclusion

The JAPE inhibited maltase, glucoamylase, lactase
but not sucrase, isomaltase, trehalase that were
present in the samples from the small intestine. The
inhibition modes for maltase, glucoamylase, and
lactase were found to be mixed/ non-competitive,
uncompetitive, and competitive, respectively.
Postprandial blood glucose levels were significantly
suppressed when maltose, sucrose, and starch were
administered with JAPE to rats. However, the JAPE
had no effect on glucose absorption. The AUCo-120min
was not altered by the JAPE. These results indicate
that the JAPE delayed carbohydrate digestion and
did not affect the

amount of glucose absorbed. Hydroxycinnamic acid

subsequent absorption, but

derivatives such as chlorogenic acids in JAPE may

SE (n=6).

partly contribute to disaccharidase inhibition. Thus,
JAPE could be useful as a food ingredient to
reduce the risk of developing hyperglycemia-induced
disorder.
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JABRRE)T /-
Sy MMBBEAREREEEL,
BREMEEEZNET S

BRI - SRAHER® - FBEME—
IR - SR PR - R 52
* ERREAYH T ERERLETER
(T649-6493  FIK LA DT TH =47930)

T AHERY 72— Vil (JAPE) 2w,
7 v MG ZHEREUK R E AN O BTG T 2 & NS A&
BEME A BEIVE 2 G L7z JAPER, <V ¥ — 8,
yvariIg—¥, 57 —XIa UTHEEHZRL,
FHERIE 2 2R A RIIER BURL E, AP E,
PHETH o720 A7 F—F, 4 VL F—F, ML
T =B L CEHEERZ RS edh o7z T bAD
RIOBERAMREBRTIE, V=X, A7 =2, Fr7
VG TJAPEIS X % A B 2 R fE L A-H0H01EH A3 RR
DOHN, FVa— A5, AEZEEIIED LN
drolzZ 5, JAPEIZZ IV a— AW I3 HEE
5, MUBEHE S e K R E I L A 2
EWRIEEI N2 AUCromn TBALDR o /z 2 &0 5,
JAPEIZ 7 )V 3 — AR IZ B L &5 > 720 JAPE
WZEENL e F O AR EARA UK R 1
BIZHLBERGLTWEEEZONSL, TROHDMRA
X0, JAPEWX 2 BUBEIRIG R0 MG 22 & O LGB EWR O )
27 EWOTHELEME LTEHTH A REMEIREN
720

CPB26% 1 H 9 HseA, “FRi264: 4 H 7 HH)
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Endothelial Nitric Oxide Synthase Suppresses Blood Pressure
of Spontaneously Hypertensive Rats by Oral Administration
of CamuCamu (Myrciaria dubia) Fruit Juice

TANAKA Hiroyuki*'*, KASHIMURA Osamu*’
SUZUKI Kenta** and TOYOHARA Hidekazu*’

* 1  Department of Health and Nutrition Faculty of Contemporary Human Life Science,
Tokyo Kasei Gakuin University, 22 Sanban-cho, Chiyoda-ku, Tokyo 102-8341
% 2 Faculty of International Agriculture and Food Studies, Tokyo University of Agriculture,
1-1-1 Sakuragaoka Setagaya-ku, Tokyo 156—8502

Involvement of active vasoconstriction substances of sympathetic nervous system, endothelial cell
dependent vasorelaxation substances and constriction substances of renin-angiotensin system in blood
pressure suppression by oral administration of Camu-Camu (Myrciaria dubia) fruit juice was
investigated. Wister-Kyoto rats (WKY) and SHR were used and divided into WKYW and SHRW
groups given by water, and WKYC and SHRC groups given by Camu-Camu fruit juice 0.25mé (total
polyphenol content 337uxg, Vitamin C content 2.25mg). When measuring blood pressure by insertion
method of carotid artery catheter, norepinephrine (NE) losartan and L-NAMA were orally
administered and involvement of angiotensin II and endothelial nitric oxide synthase (eNOS) in blood
pressure suppression was evaluated. In administration of orally Losartan, blood pressure in SHRC was
less increased than in SHRW, suggesting that those except for angiotensin ATII involved blood
pressure suppression. Blood pressure of SHRC was significantly increased as compared with that of
SHRW. Response of removed thoracic aorta to NE, acethylcoline, phenylphrine (PHE) in Kerbs ringer
liquid was examined. Vasoconstrictive response elicited from active substances of sympathetic nervous
systems showed more desensitization in SHRC than SHRW and vasorelaxation response elicited from
endothelial dependent relaxation substances was accelerated. Blood pressure measurement by insertion
method of catheter and tension measurement of removed thoracic aorta revealed the enhancement of
eNOS in SHR by oral administration of Camu-Camu fruit juice.

(Received Jun. 17, 2013 ; Accepted Jan. 22, 2014)

Key words . L-NMMA, Losartan, NO, acethylcholine, norepinephrine, phenylephrine
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JE, BREEAL, WSRO, TRESREREZR S, mE —MfbgE# (Nitric oxide, NO) dL-7 V¥ = %3
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T 72, MEFEHICBT 534 2 Y » 7 GMP (Guanosine
monophosphate, cGMP) K% UC, Hl# e % i
L, NOBAEDSKMTAZ LMo TVEY, X512,

MAEWNEZMBIZ B ANOSIE MO TIZ X ), 4
FICB 59 ANOEDOWAH, SIMECHES T2 LD

Wi EhTnwaY,

—77, MEOREEIHGTHL=r -T v FrT oY
> (Angiotensin, AT) RIZBWT, ATIZATIIZZE
W HETH HATEHRF (AT converting enzyme,
ACE) 1%, MEOHIHIZEETHHERFTHY, AT,
WA RMEDFIEROS L LMo TBY?, 20
AT, AT EAT-O 2O ZHEERPALALET 5%
FRICAT- 2 BRIE, M EHEH 2 SCam L, MmN
METEA, MAFREEECEE, SIIRBEACIER, OB ER
AN LT0b, TOATROREEL, WWEEIZEICA
THHEIME, BFhEHB I OOAEL IS5 &R
MENTVBEY, ZHhTH, BMEORES L OEALIC
M5 32%KNE LT, ACEM MR, MEFHFHIC
MET2MEMNEDETHHATI O K 7 05
THLEEINTWVD, 2O LS, HIMEOYERA I =
AHE LT, HENIZeNOSTHEEDH K, & 5\ IZACE
EPE DI ASER /M B 55 AW REMEAHESE S B,

HEH L (7 NEER, B Myrciaria dubia) ¥, ¥

KRNV —ICHETHHWTH H, RERIZE Y I VB,
E&:y&,ey‘yc FATVY, T UBE, A
VOABEPEBEIZEINTWVWEYY, IE, TN

D% oY) Y %&KP IEIMEEZMHT L EENLRY T
2/ —VHEELELIENRE SR TVEY, Tz,
TV BRI HAET B 0 A A BREITIE, R
V72 /)= VO—MTHLT VY N T2 BEIIEL
ZEPFHEIN TS,

— RIS, R T2 )=V EELGLRTAL VY,
ABLOHE?, aa7?, FaalL—1", 71—~
V=0, SIEZIET 2@ &R T IR -,
HTHRY, TVNYTZUVREIHTEINLE T IR A
FREIL, AR L 2 CEIRB LR RO Y 2 7 %
BTS2 EENED LI EPMEINTVEY, 7,
BERLEYW L EIZEINDHE Y I CIE, AEMSILE
WREDOME LA Z#WHT 2B E0H 252 LRGSR
TWw3Y, 512, Vaspev S OIFETIE, 128#DE
L B 238 5E €57 )V5 v b (spontaneously hypertensive
rat, SHR) 2 LCTE ¥ I 2 C% 9 BB Y 5 2 7245
&, IHHIILEOKT, TVFe FiESB L OFELRY
MEWELIWLET S L 2ME L T 5,

A 5 1%, EREOSHRICH & 4 A BB hhiiE % 5 58
ﬁ'ﬁél:li"ﬁgr L7cAER, HREROCHEISZETRO R W

, PR B X U‘#f&'ﬁﬁﬂmmwﬁm)@% g 111 1| R g W)
;k%ﬁﬁt LT LR EE T D RREDORY
7/ — VEDME EAIENCEST5Z L2 HELT
Wa, F72, ME51E, SHROFH B KBIIRICE VT,

HAHAREEWMBWERG LY, v ¥R TY v
(Norepinephrine, NE) 8 & & 7 = = L 7 ) ~
(Phenylephrine, PHE) (23§73 4 IUHiE Ot 3 A B IR T
L, 7kF a1y >~ (Acetylcholine, Ach) ZX}3 %l
BEBIIFEBICHMRT 22 RWEL, #ah 2R %
WCEEICETNLEY 72 — VA, SHRIMA PR
FaofE 2 E L, M MEWE TH 5NOD B % 1
HEERDLTEMEDSDH B EEZRBLTWVEY,

InoUE 521, BB IZ A A H A BiH100%% 7 H
PIREBEIIC G- 2 7260, ¥ I U CR G AL
T, B &% ZRR G CHILER B X OBiSEEA
FXOBDICLAZERS, Hah R, Wbk
PURALTE B L OMBEIER S 5 2 L i L T2,

L Lah s, A 50 AR50 ERIC RIZT
WoET— 2 3R OPRIRTH 5, £ TRIFETIE
NIV U A N | D w2 1| IR (Y N o a4 1 2
RIS X IS H~NDO B GOV TH LT
5720, TIRSNTWD A LB AHT100%%SHRIZ 5
WRRI G L, MEO AR 5 QAR
PRRRE, WMk E, V=" - T4
7 v RGN B K O B R AR ) o 4 B -
IZ2oWT, &7 —F VIFAK & B REELIREE T oM E
EB L O ARBIIRIC X 2EDAEICL Y, ZOMmEK
IS DEALEWRE L 720

EBR A&

1.8 9
(1) XREWMSLUEREERG  FEBE, KBS
MmERBEET IV E LT SN A2SHR (SHR/NCri, H
KF X —)VA - Y N—H 5 @GO MM, ML LTIE
WIMHEETFTIVT v b (Wistar Kyoto Rat, WKY) T
%5 (WKY/NCrj, HARF ¥ =N X - Y N—%b) #Fh
ZFN20LT Oz, Ty M1 BABLHET LR,

TREO 4 BT, 5, T v MNEHOBMEIE I

HE (7)—rIv 7, HREZHERIET (BR) NT
flE L7z, BRI, REN23CICRDEHICTa
VKDL, Xy MHEESE (A v
VEERE, MF), /KIZKEK%Z HHERS 27,

1) SHRO LA L E# (LLF, SHRCH) : 10t ®
MEPESHRICIX, 1 H 115840 5 20 2%l z 7
Tu BT (A FUH—F) ITHWTEEBERNIC
EEICHRG L7,

2) SHRK#%5# (LIF, SHRWEE) : 10/t D HEVESHR
(2, 1H 1M 5 EMEHKEKRE LRLE RO L ET
5 L7z,

3) WKYH LA LS (BUF, WKYCH) @ 10/ED
HEMEWKYW2E, 10 1ESHEBER D L H 2 RiWz
FRED i THEG- L 72,

4) WKYKZEE (LIF, WKYWE) © 100E o 1
WKYIZiE, 1H1H5EEEHKEKZ R )T
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5 L7,

5) FMEREEMERDAE | FHE 250, T
— T VARAIL X ARIMEDORE L ) ¥ ZEEROIER L i
HiRIIOWEFEBEZ 1T - 720
(2) DLAHLBRARESVICABESRE H2H24
Hi100% (BERY 72 —Vi337ug, ANVAH— FE
KH#R)) #HPLCEEIC LYY I Y CRAZ ST L4
Po, AAHARETEDO1IH I EOHEERIZ, 0.250¢
(R 72/ — VERS3Tug, ¥¥ I YCE2. 25mg) &
U720 ®FMHES-& L COKEAZ RS Lz,

(3) BIEEHB

1) &, MESLCODBRBORE : #SERHG?S 1
HEE, AREIES X CMENEICES 720, HHO
Ny RY e 2RORENELFER L. 2HETS
X, 9, REPB X CIMFEORIE 21T o 72 MEE, JE
Bl HEMEN EEE (V7 bar, BP98A) 1T &
DHE L7z, MER, HO52LD205MT v b % EESE
(PRRZEESST) ICHFE L, REIRICIMEDL D % IREZ
TeRRHe, WGHIIME, JEERIIME B X OB #lE %
S5MIIgEHL, &% SO FICHRIRMEZ B 72 3 BOE» 5
ZNZENOFHMEE M Lz WEREZNE, o6
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Fig. 1 Changes of systolic blood pressure in SHRC,

SHRW, WKYC and WKYW rats.
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Fig.2 Changes of diastolic blood pressure in SHRC,

SHRW, WKYC and WKYW rats.
*p<0.05 vs SHRW
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Fig.3 Mean systemic arterial after NE,
Losartan and combined treatment of NE and Losartan

in WKYW, WKYC, SHRW and SHRC rats.

pressure

Values are means+SD. *p<0.05 vs. same treatment in SHRW
rats. *p<<0.05 vs. same treatment in SHRW rats.

2 9600 . OWKYW oWKYC @SHRW mSHRC
= 260.

£ 2400}

£ 2200 | ,

& 2000 + .

= 1800} Z

£ 1600} . 1

= 1400} g

S 1200 [T : .

Z 1000 L= i : B

g Control NE  LNMMA NE +L-
= NMMA

Fig. 4 Mean systemic arterial pressure after NE, L-
NMMA and combined treatment of NE and L-NMMA
in WKYW, WKYC, SHRW and SHRC rats.

Values are means+SD. *»p<0.05 vs. same treatment in SHRW.



(31) WFge/ — 1)

B 2T DR HSAC X B IUE ) 131

B CEYWME33+ 9mmHg) CHLTHEEICE,I-72 O
<0.05), ¥ 72, NE& Losartan[al B¢ 5-12 X ANEH. il
50 5 ORIME LA OZ bR D, SHRCH (CF¥fE3s
= 5mmHg) 1, SHRWH (FE¥HE10= 3 mmHg) 2K
LT, AEIZE»-7 (p<0.05),

ControllZ B 24RMF &, WKYH 2K L CSHREE
AEE %R L7278, SHRCEEIZSHRWHEICHK L TH X
Ml (p<0.05) Z#/RL7. LNMMAH$E S K4k
MmE FJ o2& 1%, Controld i L T, £#T
(WKYW : 276, WKYC:32=5, SHRW :33+9,
SHRWC : 48+ 6 mmHg) EH L 72 (p<0.05), NE¥* 5
R ORIME F 1%, SHRWHEEIZ K L CSHRCHE TH &
WhE L (p<0.05), LNMMAHMFESE 4 L < IZNE&
LNMMA R 502 & 2 RILE 157500, NEHS S
TOAEEICH AL (p<0.05),
5. NE, Ach, PHEIC & % fiHH KBk E k77 1 RS

B BT 240mMKCHE5-12 B 13 2 Fif H K B IR DU
ik 1E, WKYWHEL 23+0. 15g WKYC#1. 31+0. 18,
SHRW#1.43+0.21, SHRCH#1.44+0.2TdH V, &% #
B OPGHERICE A SN h o 72

Fig.5i%, &EEIZBT BNEIZ & 5 fiH K BIIR I B AR A
PRI SIS % 78 U720 NEGMNC & 2 4% H R B R DU B
Joix, WKYWH#EE WKYCEEORIZIZZ AL 205
7275, SHRWHE 12 I #k L CSHRCH: TNE# FE10 2 &
10°'MZF THEIWEME %R L7 (p<0.05), F72, NE
W25t 2 WU & IR E (ICs, —log M) 1%, SHRW
FE7.69%0. 2212 i U CSHRCHET7.19+0.232 F R
EREEZRLE (p<0.05),

Fig. 6i%, &M IZBF 2 Bz IEAM AR Z YW H Achd i
FEARAEE AR SIS 2 7R L7z AchoD i BEARAF M i BSOS

1400 -
120.0
100.0
80.0
60.0
40.0
20.0

8 7 6 5 4 3
Norepinephrine (-log M)

Percentage changes in tension (%)

o
=

Fig.5 Concentration effect of the contaction response to
NE in isolated thracic aortae in SHRC, SHRW, WKYC
and WKYW rats. Results are expressed as a
percentage to 40 mM KCI
presented as means * SD.

of response and are

* indicated NE concentrations at which aortae of SHRC had
less constrictive responses than SHRW at concentarions of
10° to 107 M (p<<0.05).
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Fig. 6 Concentration effect of the relaxation response to
ACh) in isolated thracic aortae in SHRC, SHRW,
WKYC and WKYW rats.

Results are expressed as a percentage of response to NE
(10™* M, maximal contraction)
+ SD.

* indicated ACh concentrations at which aortae of SHRC had
more constrictive responses than SHRW at concentarions of
107 to 107° M (p<0.05).
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Fig.7 Concentration effect of the contaction response to
phenylephrine (PHE) in isolated thracic aortae in
SHRC, SHRW, WKYC and WKYW rats.

Results are expressed as a percentage of response to 40mM
KCI and are presented as means * SD.

* indicated PHE concentrations at which aortae of SHRC had
less constrictive responses than SHRW at concentarions of
107 to 10 M (p<0.05).
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Fig.8 Concentration effect of the relaxation response to
SNP in isolated thracic aortae in SHRW and SHRC
rats.

Results are expressed as a percentage of response to 40mM
KCl and are presented as means =*SD.
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Fig.9 Concentration effect of the contaction response to
PHE after treatment of L-NMMA in isolated thracic
aortae in SHRW and SHRC rats.

Results are expressed as a percentage of response to 40mM
KCl and are presented as means * SD.
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