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Effect of high-fat feeding on scavenging activity of
reactive oxygen species in rat skeletal muscle

Naoto Konari', Miku Tsukamoto®, Masanari Togo®, Rika Kimoto®, Eiji Uchida’,
Hidekatsu Takeda®, Isao Kambayashi’

Abstract

High-fat diets are reported to increase oxidative stress in a variety of tissues. This study was designed to
determine the effect of high-fat feeding on scavenging activity of reactive oxygen species (ROS) with a spin
trap agent (CYPMPO) in electron spin resonance spectroscopy (ESR) in rat skeletal muscle. As targeted ROS,
superoxide anion (O:z") and alkoxyl radical ('RO) were used for estimating scavenging activity. Rats, aged 4
weeks, were fed either a normal diet (ND, n = 6) or high-fat diet (HFD, n = 7) for 11 weeks. The gastrocnemius
muscle was removed after overnight fast, and then tissue fragments taken from superficial and deep portions
were homogenized separately for ESR. Blood samples were obtained from hearts for biochemical analysis. After
feedings, body weight and abdominal circumstance were significantly greater in HFD rats than in rats fed ND.
However, there were no significant differences between HFD and ND groups in either scavenging activity.
No significant differences were also found in total cholesterol, HDL, LDL, triglyceride, free fatty acid, glycated
hemoglobin Alc and glycoalbmin in blood biochemical analysis between groups. These results suggested that
HFD did not change the scavenging activity of Oz~ and RO in the skeletal muscle.
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HERIZBWT, FRBESEREZE» T2 LR 2R
FdoZLnlahiiks 2xEEzHoTwS. 20—
ELTBEHHMIEAICBI 5 7V 32— ZADRFEDZET S
Na. BROT Y ruNy A5 et shs 4
YA X Yo 7V 3 — 21EGLUT4% 4 LT
yya—rrE LA, IEEh, MBEZRE LT
5.

A, AULOWCKILAETL, BisHFROZ VA
mnOFEIABEML, ERIHEVIEHLHEML T2, &
MR E BB 2R ERZ NS €5, IR
AR ASERAL S 2 LR O ToHE, BERENRIIER DK
WASEIL, BEmICB T4 2 VP2 EC L
ZzZLNTwWa (FH, 2004). BIRGEIC X 500565
AERY) vy vy Fa—2a (NEERDEGER) o FERF
THY, 42 ARG, SIRIE, I
WS LTwa., 2o 0BERDPERLEEITIZRM
PR, MRS X UHERFOFRIEY A 7 ¥R T 5
(1L1H, 2006).

MG E TIEBBILA LAY —h — DA ML T b
(Furukawa et al, 2004). FEEREI % I W7-IF7EI2B W
Ty, 10AMOFERBEEIUCL D 7 v MEICBIT S
8-epi-PGF2 (JRE MBIt~ — A —) 2%InL (Shen et
al, 2010), Loft et al. (1998) ZEMEIATEIC L DR
H8—F 27 VTN FuF+F 77/ ¥ (80x0dG)
OHMERELTWD, 15EMOEEHAERICX S
7 MEREHTIEF AV E Y — VRKUEY (TBARS)
RANVEKEZ VAL ¥ 8 7 B (PC groups) @ 8N
(Gomez-Pérez et al, 2008), 16:AMH O EIRAEIICE
FH< ABEBETIEAVE ALY 287 (5 82
BMft~—7s—), UCP2, 3 (JREMLIREICBIT 53
Fa ¥ F) 7ROSHEA~— K —) ORI (Bonnard et
al, 2008) 25 SN Twb. INHDOMBLA ML AT —
A —ohmE, EYERRZEM (Reactive oxygen species ;
LLIFROS) DK EDOMRE XS 52D THL. %
B2, v FEARZICIGEAR O SR Z EINEE, &
Wz BT 2 BB LAKE AR EOBMAHE I Tw
% (Gomez-Pérez et al, 2008). & 512, T v b OJFE
(Demori et al, 2006) °~ 7 A ®F## (Bonnard et
al,, 2008; Yokota et al, 2009) Td A2 ENH 5. L -
T, BEIEEEIUI L D BB % & OMARTROS A K
BEOEAKLUTHILR b L AR SR, ZRHERNTHI
N DOFERERR EAH: U A WHREMEDVRIE X 5.

—77, HMRIZIZROS 2 {H T 5 LB LG L3 P -
TWwa. EEGEERIC L 5> TROSA KRB AL T
b, PRSI EERE A b L 2B L .
R EEIUC L 2 IBILIEEICOWTORED 28N
TWhb. Sreekumar et al. (2001) X, T v MZEEE
HZIGHEMBR LA, BBRHGNOBERILEZEIC

il
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B39 2 R TG L OV ASREIREE & el L Cid L7z
EEBOTVS. F72, 7 v OB (Gomez-Pérez
et al,, 2008) % 7 4 ¥ DTN (Slim et al, 1996) 128\,
EIRIE I & o THIALEE R OWMEAMK T L7222 & bk
HEINTWDE, LLLAEDS, BEVEERIL > TE
B OH T RGN RHBLEERED X9 iz
FB0h%E, BEGAERICHEE L7ZROSOERMEE
fili TR & AT 5 72 0F2EIE R4 72 S 2w,

Z 2 TARISEE, MREEERTEREIERECE R
bOD, MOROSDHIBREK L 7 A —/8—FF T FT
=% ¥ (Superoxide anion ; LLF0:7) & 50y 7% JRE~
VEFTITVHNEIRESED L LB, UL
HZEBWCERLTEIEICHORET VI XY
VI Y H IV (Alkoxyl radical : LL'F 'RO) (Kohri et al,
2009) %X RICE T A B S5GE: (Electron spin
resonance spectroscopy : L FESR) #AWT, BB
BHEIAST v MERT OB S 2 5 B & W)
TAHZEEHME L7

I 5 &

A. EBREMY

FEERTIY I, Wistar JHEMES v + (AR ATV Y —)
130 % w7z, fEBEREIX, =24 = 2T, BEL +
5 %THY, 12MHOHEY 1 7 )V OBYHAEE CHE
L7 fEHER, B X OHKOBIIIHRBE L,
20, [ R E B X O o B 2 EHI L
7. F72, v MI2-3LEIDODS— Y THIEF SN,
HEMWN 22883y — VY HNOBEIOATH -7z, FEHEIL
WIZOW TR — YV OFHIlC BT L 72k o
Z1r—VNTHESINR TS TSy NETEY, fFHE
Pm e LCIsi L7z,

B. XBROBE

F v MISBEEEFCHEA L, Z0%, LEMOFHiAE
#iTo7:. THEER, KREIELL AL L) ICEHEA
(Normal Diet ; LL'FND) F6VE, &GN & (High-Fat
Diet ; LLFHFED) #ETICIZoMT, FRZFNEE %2 B S
w72 EEfFIE, NDBEICMFREE (F) > % Vi
BT MR EH) %2, HFDEICIZS — FEAE0 %D
58Y1 (PMItl) =M L7, KfEoks b Table
/R L7-. HFD#EOfEE, ND# &L 1) bR IS
L, IREERSORERZY VIREOWEE S TH DY
J—=NVEERY LU, T IF R U EOLEARA
REECH -7z, WEEO T v MIEEREFR 2 118 FEI
L7zt%, 15BEEE IR S 7z, S U 22 DRI RS & 0 #T
FT-80 CCTHMRA L.

C. RIn& MmEAE{LFEHRE
S v MIIGHEEICBWT, HEEH OF#3E 5
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Table 1. Composition of experimental diets.

Group ND HFD
58Y1
Food MF (Lard 60%)
Protein (g) 23.6 23.6
Fat (g) 53 34.9
Carbohydrate (g) 54.4 259
Fiber (g) 29 6.5
Energy from protein (%) 26.2 18.3
Energy from fat (%) 13.3 60.9
Energy from carbohydrate (%) 60.4 20.1
KJ/100g 1507 2160

I2FEH DL Bt L 72, s hiz. Yo F Lz —F
THELR, AREB X OEMBEAREOR N Z1To72. v
MOME A BEER, BWL, iz OE» 57720 1
W, HERIAY ORIME L 7 vbF b7 A AD DR
M ICZNENLEEAGTIWES N, 5T REAREFH A
JERTVCARIE L 72, OB L 7 M AR b2 s H g, g
BiEHE LTI L A5 a—)b (Total cholesterol ; Bl
TT-ch), HDL2 L 25 1@ — )L (HDL cholesterol ; LA
THDL), LDL2 L 25 u— )L (LDL cholesterol ; LA
FLDL), "R (Triglyceride ; LFTG) B X Ui
HENRi®E (Free Fatty acid ; LFFFA) %, BHEIEH
L LTH{EANEZ B Y ¥ (Glycated Hemoglobin Alc ;
LL T HbAle), #E{E7 V7 3 ~ (Glycoalbumin ; BL T
GA) Tho7z. F7:, BIREILIEE (Arteriosclerotic
index ; LN AI) %, [T-ch — HDL] / HDL (Murgo et
al, 1980) DFHHATHIL L 7.

D. BHEEB O

PRI, FESh7zT v b oOmik S PR Z 5
L7z, M S MW K 2 3> 721, L To
fil, —80 C Cuiifitrfr S 7z,

E. ESRARHBOER EZ NI ERBEDRIE

T v MR OFRE LR, DR R 2 B
EDMHENTBY, FRICHMITHO G RE MR A RAE DS
%A LT D (FEHIEZA, 2010). ZO#ENEEREL,
TR AN ZAMI B O LR AL I D AR 2 & WAL & BR
UL, 20 M0 A A g ik HE B AV 00 Bz R A 20 S LR %
BRILL 72, ESR HBEOERIE, Masuda et al. (2003)
DFHEETOBIEZMZ, KELEBIIHTTT-

72, RETH LM FEY A — MEWE (L15%
KCD) 2T1 : 100EE&THMREN, FTYVFINKREYF
A= GRABEREER) 2@)F L, 1000 rpm T645H
WrEibs 7z, szl Bto ¥ v 87 HiRE ORI
1X, SMARTSPEC™ 3000 (BIO-RAD#L#) % HwC,
Bradford #: 7o 72, iBEOREIX, &k &2
FERL, ZOPIHMHEEGHIH-.

F. ROSHEEEMHDAEE

ROSH 3G @ 45 #7112, ESR (JES-REIX, HAE
FHRAEER) ZHVAAE Y NSy FEICTER
L7z, BB LRGBS T 7 4 =R HE M
53¢ (RUVF-203SR, 5 YV A7 V) #—F 4 #) (2
Tz T2 812X, O BLXWRO%Z S
EEHES 2RI L (Control signal), — 7 Tlx[F Kk
DFRICHWERBZBMLAZBED0: BL O ROV
72 L7z (Sample signal). %8, A FT v
7 #1121k, CYPMPO [2-(55-Dimethyl-2-0x0-2 4 5-1,3,2]
dioxaphosphinan-2-yl)-2-methyl-3 4-dihydro-2H-pyrrolel-
oxide] % H\:7z.
1) Oz HEEM

O: {HEEMOWEIX, Bk (HTEIEA, 2009) 12
HTOWBIEZN2 T{T»72. Control signal LTV R
75¥ Y (20 uM) %5 ul, EDTA (50 mM) %10 ul,
CYPMPO (100 mM) %10 ul, V) >~ EE#% % (Phosphate
buffered ; PB) (100 mM) %75 ulhnz, Sample signal
ELTUYUKRTZ7IE Y (20 uM) %5 ul, EDTA (50
mM) %10 ul, CYPMPO (100 mM) %10 ul, PB (100
mM) %45 ul, K TH0: 1OEAETHR S Lz
10-20 ulZ Nz, ThFhz L RMLAE YV~
IR & 74 ZAREFEE IV TL00 ul ORAW & W BT,
ZN%ZESRICEy ML, &Ml L7z, %3, ESR
M2 412, Sweep width = 7.5x1 mT, Sweep time
= 2 min, Gain = 4.0x 100, Modulation width = 1.0 X
0.1 mT, Time constant = 10 sec, Center field = 336.2
mT, Power = 6.0 mW, Frequency = 9.20 GHz & L 7-.
2) 'ROMEEEM

"RO{EZAEMEOMEIZIE, BEH (Kohri et al, 2009) 12
HTOBIE% Nz T17-72. Control signal & L TAAPH
(2.2"-azobis (amidinopropane) dihydrochloride]) (10
mM) %10 ul, CYPMPO (100 mM) %10 ul, PB (100
mM) %80 wllil %, Sample signal& L TAAPH (10
mM) #10 ul, CYPMPO (100 mM) %10 ul, PB (100
mM) %50 ul, ZEKTIO0  1OFETHR S N3 E30
=50 &z, ZhFhrx ISE|MLE PV I
&7 4 ARMPFEIVTI0 ul DIRGHER W B, Ehz
ESRIZty bL72. 7%d, ESRMESM L, Sweep width
= 75%x1 mT, Sweep time = 2 min, Gain = 6.3 X 100,
Modulation width = 1.25 X 0.1 mT, Time constant =
10 sec, Center field = 336.2 mT, Power = 6.0 mW,

)
)
)
)
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Frequency = 9.20 GHz & L 7-.
3) ROS;HEEEM DFH

0: BL U ROMWEEHOFMICIE, AU T v T
A CYPMPO (CYP) &ills@it#t (AOx) 2%, MHALHREE
H72D) TS L7720 BLO ROBEDILELZ LT O
THHBL [XZ8 ; (L : Control signal T, & TH 0~
F 7213 ROFARICHIG, 7 @ fiRE Y& — bilkHEAE
TTOESRES, I — 7 HAET A — FEABINHEEL
720; £7213 RO=)], trE Y2 X (Trolox) HJE(Z
WL 7-E% Hv 7.

ROSWHEEM = [W-1) /1] / [(AOx) / (CYP)]

B, AWFETIIESRMEICBWT, @k y 7+
WVBREE 2 #5572 0 BN & o THRUSEH (100 ul) 12
Mz %&% 0 HEEEORE TIZI0 — 20 ul, ROH
FIEHEOWE TIZ30 — 50 ul DEPHTEZ 72, D7
O, FSEEP0 Y v BadilfHc X o TR R 27
B, WIENOROSHEEM O E b, Yy v 32 g
WEN72D (ug) TG L 72,

G. et

WoEAE L, 2 TEYMH £ R (Mean £ SE) T
K L7z 2HEDOTPIED G OB E IRIE O % vt BUE
ZH, 3B LEOSIICIERREY 7 b (JSTAT) #H
WC, —IREOGHGNT 2IT-72. 28, WIhol;
EHERFIL, TS %A & A= & kL 72,

m# =X

A. BiFHR & SHPHEIRE

3 S15H D 7 v b DR EHERE % Fig. 1ITR
L7z WifEoKEIZE, SHl, 5 AEAE (p< 005) 2%
RO LTz EEROKEIL, NDRET3395 + 53 g,
HFD#T4040 + 141 g THh o7z, F72, HHIFEONEIH
13, ND#ET188 = 0.8 cm, HFD#T214 + 04 cm T 1,
HFD#ESND R L BB L THE (p< 00D I2&E2 o 7.

450 |

Body weight (g)

3 4 5 6 7 8 9 10 11 12 13 14 15
Weeks

Fig. 1 Change of body weight in ND and HFD groups.
* (p<0.05) denotes significant difference between groups.
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Table 2. Blood biochemical profiles of ND and HFD groups.

ND HFD
Total cholesterol (mg/dl) 558+ 5.9 64.4 £ 4.5
HDL cholesterol (mg/dl) 258+ 14 23.9 £ 0.7
LDL cholesterol (mg/dl) 7.0+ 2.9 15.6 £ 5.4
Triglyceride (mg/dl) 104.0 £ 12.6 81.0 £ 94
Free fatty acid (mEq/l) 1.1+ 0.1 0.9 £ 0.1
Glycated hemoglobin Alc (%) 3.7+ 0.1 3.7+0.1
Glycoalbmin (%) 38+ 0.2 4.1+03
Arteriosclerotic index 1.1+ 0.1 1.7 0.2*

* (p<0.05) denotes significant difference between groups. Mean+SE

153 o il BHEIE (3, HFD#E1X140 g, ND#IE
164 g TH o7z —F, BT L F —FIZHFD RS
3024 K] TH o720k LT, NDEEIE2471 K] TH Y,
HFD B:E ND BEDO12(5 0BT AV F— B 2R L7,

B. MAEE(LFRE

I A2 AL A B AS D # 2R & Table 21278 L 7z, T-ch,
HDL, LDL, TG, FFA, HbAlekB X O'GAIZB W ThHE
BIZEE o7z, LALAEMES, ALIZBWT, HFD
BEASNDBE & LR L TR (p< 0.05) 2Rz R L7z,

C. BOE >IN EREEROSHEEEN

ESRHZEC BT 255 v /87 Bk 1L, NDEEOFE
J& 6008 + 758 ug/ml, %#JET67.33 = 582 ug/ml,
HFD B @ %8 6227 + 645 ug/ml, & T6461 =
822 ug/mlTdH -7z, ROSHIEHIED LK% Fig. 2127R
L7z, 03 % (mmol TE/L) &, ND# & HFD
B FIET66.11 = 802£5519 = 1047, )& T60.77
+ 1176 £7090 = 1388 Tdh -7z, F 72, ROMHEIENE: (u
mol TE/L) &, ND#:& HFD R D FJET77.37 = 2249
£8998 + 846, EIETI526 = 4541+80.37 = 957T
Holz. WTNOHEEEICBWTY, BN LM
HEAZIED SN h o7z,

Vv £ £

AREFFECIE, 4O T v MR 2E 2
EIRAEZ1ILEMBIR S S Zo%, HFD#IZND
L b L CHRE (Fig 1) RBEHE®E (p<0.05) I
WinL7. —7J, Mgtk i ATiCB W CHFD #EAE
Mo 7208, MMOBEBIZIXEE Lo 72 fROEIT
5y MG EFER S BTHETHYOR TV S
E PRI RO L, GEB GRIIZ2, 2008), 6:80H
(Chanseaume et al, 2006), 1438 (Gomez-Pérez et al,
2008), 16— 20;8[H (Loft et al, 1998), 368 (Sreekumar
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et al, 2001) B X USLEM (FAR-EAK, 2007) 7 LHkx
THb. IhSOWIETIE, IR CIRELRIBNE
OB L MR EIRICEDRBD 5T WD, AKif
JECTHWZILER & v I, B & ek L Tli3
EPMICMET S s, BIUIMIZZYTHo 2L
Ziobha. F7, BREFHEEGGICB T 5 LT
FEDERFHE, 388 % fat (Shen et al, 2010), 46 %
fat (Greathouse et al, 2005), 50 % fat (Lionetti et al,
2007), 60 % fat (Sreekumar et al, 2001), 64 % lipid
(Gomez-Pérez et al, 2008) % EVH 5B, TN HDEAT
WrFE L KL T, 79— FEHZF0 % DEBEIE D 72
BUTHoT7zbE 2 ON572ORMIEDE T IVITFEERE
FVELTHYTHDLEVZ D, LeLads, RER
2BV TR EEIRIC ATDA CIEEDSRO SN d o 7.
ZOFRRIZOWTIEH S 2 TIE RS, FEBRFE O
BaAH B & OBFZE L D b IR <, BN H 2
Sy FOEEMICHY L TWAZ EAE LTS L
"IN,

B DOROSTHEWGE OB A L& 25 (Fig. 2),
HEIZBWT, KBEERBOLLLICHOAEEITRD
LN A o 72, Gomez-Pérez et al. (2008) 1315H #hid
Wister BMEHES v b 2 3R IC148 1 o B PR £ 2 3B
B4, BEEM I ba v B 7B A EEBILKREARE
DOEMERE LT 5D, KWL R 2 Tidd 5 HH
k72 €7V & LT Bonnard et al. (2008) X585 HED
C57BL/6~ 7 X &3t RAZ16AM OB igh, #fz EI S
o, BHEMC B % @R LKA R OB N % i LT

100
A

n.s.

[
=

(=)
(=]

O: scavenging activity
(mmol TE/L)
-
[—]

[
(=
T

Superficial Deep

160
140 r n.s.
120 |

—
L S
[—=I—1

T
—i

‘RO scavenging activity
(umol TE/L)
[=2)
<

[
=]

0
Superficial Deep
Fig. 2 0: (A)and "RO(B)scavenging activity in ND ((J]) and
HFD (M) groups.
n.s. : no significance

5. Yokota et al. (2009) <7 A DFEMAREICE
W, FFROHEEITo TV 5.

AUFFE & BATHIRDOREREZ 2 AL L, FRE
BRI X > THHEMNOROSE KRNG5 &% 2
SN, EEHBEPA T 2 PBIEEIEEL 2w
ZENS, BERHGHNOBLA L ADBRT S RS
n5. 478 (Sreekumar et al, 2001) Tix, I v b+
WCERE BE AV X160 %) #EN S/
LZAh, BERHBIIBVT, O #HRMICNET 58 -
MBIV A——FF T F VAL T —ED#
fETHEE L OUAST IR & W L TR L7z 2 & 2§80
Twa. 7, MHAMOEREE BE AL ¥ -
64 %) BT, YV AVA—N—FFYFIALY—
WP AEZICET LzZ e M SN T b (Gomez-
Pérez et al, 2008). Z 1 5 DFERIHE 21X, KRHFZFED
O: {HEIEHITHFD#AND# L ) EfEZRT I &I
Th. LLEDVS, 2089 BRI LS hh otz
AR TIZZFORRNZHLNICT LI LI TELRVD,
BRI EOBBUAR, MRE LT v bR EE
HBENOBREEREDENTEZ BN,

"RODHENHG-§ 2 5580 2 B LB R 1T AFAE L
W, RO FEF YT I H VIR TRIGHED
<, JEWITHMIIRROSTH S (L, 1997). JEMimgR
DUBRETAELZE Favt &Y Fig, ARRICBv
T, &/AF v ERGLTROFERSES (ZARIEH,
1995). e FaxutF ¥ Fig, FIVFFF )t F
VE—EBRINVIFF VS IIT AT T—EEN)
P LRI L > THETE R 280D, IhHOREE
OWEEDE T L, RODEREIHIT L Z EHWRET
HbH. L2»L%&AS, Sreekumar et al. (2001) 1Z&EE
BEOEIIZX T, FVIFFF o RVFFIF—FEL
INVEFF VS IF VAT 25— EDORIETES LN
IATFIREE & I LT d LIZBIL L v & &3
HLTWb, KWfFEL R 2 TEH 2 0MERET IV
Td % Bonnard et al. (2008) OHfFETIX, 14EM O
P R 7V & FF v RV F ¥ ¥ — B0
LN 52 ozl L E#ELTWS. I
A T, Gomez-Pérez et al. (2008) ZER AWM T~
YHVA=N=F XY PV ALY —BIERSAE BT
L7222 ELTWDER, F VI FF Xt FY
F—XlITNEFF )T 75 —EOEHICIEEREE
BB I o722 L 2RO TS, KWFIETIE,
HEFD# @ ROBEZIEHIIND# & E=ix o7z, Dk
DZENSL, BRBHEOEIUI L T, HHKHIE RO
LEDRRET VML > THRIEA N L ADSHKRT 0]
FEMREZ N5,

ARIFFETIX I 5 HHE ¥ 4 7 TOROSTH iM%
HFD# & NDEEOZF N En TR L 24 (Fig. 2), &
LHDHICHLEREETAON o7, 2D LI,
ROSTHEEMICIIHMAME S 4 TR B LAV L2
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B3 5. Masuda et al. (2003) &, #EH EENT v
b & G & ATESH O B AR T O A R LR
7 (SODiEM#4) ZESRICE A ALY hT v Tk
[5,5-dimethyl-1-pyrroline-N-oxide (DMPO)] T&Ffi L,
BERER O F g L R TES W E2#ELTEY, &
OMEIRFIEOR R L —HT 5.

AWFFE T, 1AM OEEHEEIIC L > T v M
JEM OROSTHZTHEIZEA L ZVwE VI HEREPHEON
7o, WEHEBIUZX - T, £< 0% TROSAE
BTN % & s, LA L A=A —0lhnd ik
BOENTWD, RIFFEEOKTIE, NS OMEE T
25DTHL. LIMLehs, RIFETIEIMILA ML R
<= —OHEEIT-> THB LT, J47H5E (Chanseaume
et al, 2006) (ZIXEMRIFERIUC L > THBHI ba v
FU7OROSEFEDETZ2EDTVIHELDH D,
SHIVFHMERFT 2T TV RLERH B EEDR
5.

vV # &

Augeid, 1LARIZH2) mIREZER L7227 v b
(HFD#) &t ¥@az#MLA7 v b (ND#E) 205
L, B OROSTHEEMZESRIZEHZAE Y Ty
THECTHE L7z, EBEEHI T oRE S 4B 5 B
L, 150 X CTILAMER S 72, 156k THRREE T IS
BOTLERIMZ T, PEEN 2 Mk, ThehiE
ERIED MR RN L, WEALL 72, RGO
flioxt g & LAROSIE, 0" & ROTH -7z KEIL
Do) TH 5.

1. 158 #ER 2B WT, HFD#EAINDRE L D A E &
JEPR A A BASEIM U 7278, MR TIE ATEIAHCIE
IO LN Lo 7.

2. Oz HEIEMES X O ROTHZAG TR I MR IZ 2213 A
LIy, FKEERBIZLEI R,

Dl en»s, SEHEHEIIZ X > TEBH O
ROSTH EIGMIZZELET, KITMAETHESINL TS
IR I B 5 B TOBRILZ + L 2AD8%E
XFFTHIENTEDHEERLND.

ZEM

BAERT - BAHET (2007) EMowkEf& L E8)
NN TN A E S I M 5N VAL o i N2 ) A
A%, 56 : 31-34.

Bonnard, C., Durand, A., Peyrol, S., Chanseaume, E.,
Chauvin, M.A., Morio, B, Vidal, H, and Rieusset,
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