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Fig. 2. Correlation between PS content in diet and relative sarvival
time. (A) A conventional strain of SHRSP rats was used under 1%
NaCl loading or with tap water as drinking water. The survival times
for high-oleic safflower oil (HO-Saf), high-linoleic safflower oil (FIL~
Saf}, olive oil {Olv}, evening primrose ¢il (Epo), perilla oil (Per), soy-
bean oil (Soy) and canola oil (Can) were cited from Huang et al
(1997), and that of hydrogenated soybean oil (Hyd.Soy) was taken
from Miyazaki et al. (1998b). There were 11-12 rats in cach group
except for the HL-Saf (n = 7) group, and the mean survival time of the
Soy group was set at 1 to calculate the relative survival timmes, The
range of relative survival times of Can group among different sets of
experiments is shown by a horizontal bar. PS content was expressed as
mg total phytosterol/100 g of dist. Pearson’s correlation factors were
r==0.245 and p =90.558. (B) A SPF strain of the SHRSP rat was
used under 0.5% NaCl loading (present data). Pearson’s correlation
factors were r = 0.26] and p = 0.508.

campesterol and p-sitosterol contents were similar to
those in the liver, and tissue PS contents did not corre-
late with the survival times of these dietary groups
(Table 6). The survival times of the basal (CE-2) diet
and Soy diet groups were similar (data not shown) while
the PS content of the latter was 60% greater (Table 3).

Because the decreased tissue vitamin E content in
piglets raised on a Can diet compared with that in pig-
lets raised on a Soy diet had been reported (Sauer et al.,
1997), hepatic a-tocopherol level was compared between
the rats fed the Can, the Hyd.Soy and the Soy diets.
Although the survival time was significantly shorter for
the Can and Hyd.Soy groups than for the Soy group
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(Fig. 2A), the hepatic a-tocopherol levels (ug/g liver)
were 1.18+0.14 (Can group), 0.86%0.16 (Hyd.Soy
group) and 0.92%0.19 (Soy group), indicating that
survival time does not correlate with hepatic a-tocoph-
erol level.

4. Discussion

Phytosterols (PSs) are well known for their hypo-
cholesterolemic activities (Nguyen, 1999), and anti-ath-
erogenic (Moghadasian and Frohlich, 1999; Hallikaine
et al., 2000) as well as anti-carcinogenic activities (Awad
and Fink, 2000) have been proposed. The safety of PSs
appears to have been confirmed in many studies
(Whittaker et al,, 1999; Wolfreys and Hepburn, 2002;
Turnbull et al, 1999). However, Ratnayake’s group
proposed that PSs are involved, at least in part, in the
survival-shortening activity of some vegetable oils ob-
served in SHRSP rats (Ratnayake et al,, 2000a,b). This
proposal was based mainly on observations that PS
content in oils (except for olive oil) negatively correlated
with the mean survival time, and that a re-crystallized
preparation of PS from Can exhibited the survival-
shortening activity at a concentration twofold higher
than the level observed in the Can diet, The SHRSP rat,
as well as its parent WKY rat, is a strain that develops
phytosterolemia more easily than other rat strains
{(Wistar, WKA) (Ikeda et al., 2001), due to a mutation in
the ABCG5/8 transporter gene (Scoggan et al.,, 2003).
The cholesterol synthesis activity is relatively low in the
SHRSP rat (Sawamura et al.,, 1992), and supplementa-
tion with cholesterol extended the survival of SHRSP
rats (Hamano et al, 1995). If the survival-shortening
activity of some vegetable oils is confined to this specific
animal strain, the physiological impacts of the observed
unfavorable effects of some vegetable oils on human
nutrition may be extremely limited, although possible
unfavorable effects of PS have been suggested in non-
phytosterolemic human subjects (Joki et al, 2003;
Sudhop et al., 2002; Rajaratnum et al., 2000).

We confirmed that the added PS at a level twofold
higher than that in the Can diet shortened the survival
time of the Soy group (Ratnayake ¢t al., 2000a), but not
to the extent exhibited by the Can diet (Fig. 1B). Fur-
thermore, no significant correlation was observed be-
tween relative survival time and PS levels in the diet and
tissue lipids (Fig. 1 and Table 4). While revising the
manuscript, Ogawa et al. (2003) reported that a fivefold
higher amount of phytosterol is required to produce an
effect equivalent to the survival-shortening effect of the
Can diet. Our data (Fig. 2B), together with the obser-
vations by Ogawa et al. (2003) support the conclusion
that major PS contents in diets and tissues cannot ac-
count for the observed survival-shortening activity of
vegetable oils. It should be noted that a semi-purified
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Table §
Hepatic and serum sterol contents of SHRSP rats fed the test diets
Can Can/Alk Soy Soy/PS Hyd.Soy Olv Epo
Serum (mgfmi serum)
Cholesterol 0.59+£0.03* 0.53 £0.02% 0.43£0.02% 0.37£0.04% 0.48+0.02*® 0.30 £0.06° 0.29+0.09°
Campesterol 0,08 £0.00® 0.05 £0.00¢ 0.03 £0.00% 0.09+0.01* 0.03+0.01° 0.01 +0.00° 0.02t0.01*
p-Sitosterol 0.06 £0.002® 0.06 0,01 0.04 £0.00% 0.07x£0.01* 0.0410.01% 0.02£0.01° 0.03£0.01%
Total PS 0.14+0.00* 0.11 £0.01 0.08 £0.00 0.16£0.02* 0.07£0.01° 0.04 £0.01¢ 0.05+0.02¢
Total sterol 0.73+£0.03* 0.64 20.03* 0.56£0.02* 0.5310.06>  0.56+0.03% 0.33 £0.06% 0.34+0.1154
PS/cholesterol 1.24£0.01° 0.21£0.02% 0.16 £0.01% 044 +0.01* 0.14+0.02¢ 0.12+0.01¢ 0.16+0.01¢
Liver (mglg liver)
Cholestero] 1.44 £0.05% 1.69£0.09* 1.78+0.01* 1.22+0.06° 1.66 £0.09* 1.64 £0.06* 1.51£0.09*
Campesterol 0.20+0.01% 0.17£0.01* 0.14£0.01< 0.30+001* 0.11%0.01¢ 0.09£0.01¢ 0.10t0.014
B-Sitosterol 0.13+0.01* 0.11£0.01° 0.11+0.01® 0.20£0.01* 0.10+£0.01* 0.10£0.01° 0.1220.01°
Total PS 0.33£0.02° 0.28 £0.02% 0.25 £0,02> 0.50+0.02* 0.20£0.03° 0.20£0.01¢ 0.2220.02%
Total sterol 1.76 0,07 1.97+0.11 2.02£0.11 1.72£0.09 1.87£0.07 1.83£0.07 1.73£0.12
PS/cholesterol 0.19 £0.00* 0.14+0.00 0.12 £0.01 0.29 £ 0.00* G.11+001° 0.11+0.004 0.13£0.00¢¢

Values are means + SEM (n = 4). Values in the same row rot sharing a common superscript are significantly different (p < 0.05).

Table 6
Correlation coefficients () between the mean survival time and dietary or tissue sterol content in rats fed the test diets for 8 weeks
Diet Serum Liver
r 14 r 14 r P
Cholesterol 0.482 0.096 0214 0.645 0.216 0.642
Brassicasterol 0.311 0.301 ND ND ND ND
Campesterol 0.130 0.566 0.268 0.561 0.364 0.422
Stigmasterol -0.133 0.550 ND ND ND ND
B-Sitosterol 0.024 0.937 0.353 0.438 0.226 0.626
Total PS 0.054 0.861 0302 0.511 0.325 0.478
Total sterol 0.081 0.792 0.267 0.563 0.643 0.119
PS/cholesterol ~0.016 0.960 0.28] 0.541 0.220 0.635

Correlation coefficient was determined by linear regression analysis, ND, not detectable.

diet containing practically no significant amounts of
endogenous cholesterol and phytosterols was used in
other studies (Ratnayake et al., 2000a,b; Ogawa et al,,
2003), while a conventional diet containing endogenous
cholesterol and PS was used as a basal diet in our study.
In our study, the effect of PS is likely to be masked to
some extent because dietary cholesterol would compet-
itively inhibit the absorption of PS in the intestine.
Among the vegetable oils with the survival-shortening
activity in SHRSP rats (e.g. olive oil, corn oil, evening
primrose oil, hydrogenated soybean oil, high-oleic saf-
flower oil, high-oleic sunflower oil, and Can), Can has
been studied most extensively. The unfavorable effects of
Can, however, are not confined to SHRSP rats (Naito
et al., 2000a,b,c,d, 2003; Du et al, 2001; Kameyama
et al,, 1996; Sauer et al., 1997; Innis and Dyer, 1999). In
piglets fed a milk replacer containing Can, increased
requirements for vitamin E were found after iron
injection (Sauer et al, 1997). However, the hepatic
vitamin E content was greater in the Can group than in
the Soy group, indicating that tissue vitamin E level is
not a critical factor for the survival-shortening activity
in SHRSP rats. Although Can is a double-low type oil, it
still contains reduced amounts of glucosinolates and
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their hydrolysis products such as isothiocyanates, ox-
azolidinethione, indole derivatives and other minor
components (Bjeldanes et al., 1991). Therefore, effort to
identify the presumed factors is warranted, even though
the impact of the above observations on human nutri-
tion is entirely unknown.
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Phytosterols play a role in eanola oil-induced shortening of lifespan
in stroke prone spontaneously hypertensive rats

Yukiko Naro, Naoki Ouara

High blood level of cholestercl is one of the risk factors for cardiovascular diseases, and
foods of which some ingredients are capable of decreasing the level of cholesterol have been
chosen and recommended for daily meal. Plant sterols {phytosterols. in vegetable oils, fruits
and vegetables possess such an effect, and phytosterol-enriched margarine and dietary oils
have become commonly consumed. However, it has been reported in stroke prone
spontaneously hypertensive rats [SHRSP! that the intake of a diet containing canola oil
shortened lifespan, though the mechanism underlying such an unfavorable effect is
unknown. We have studied about the several physiological changes in SHRSP fed a diet
containing 10% canola oil as the only dietary fat, and attempted to find causal substances.
Soybean oil has been used as control, becanse the oil is contained in the normal diets for rats.
The diet containing 10%% canola oil shortened lifespan of SHRSP. The diet also increased
blood pressure, accelerated blood coagulation and increased blood lipids. Similar increases in
blood pressure and blood lipid level were also found in spontaneously hypertensive rats and
normotensive Wistar Kyoto rats, In the SHRSP, erythroeeytes became fragile with activated
Na~, K'~ATPase, and phytostercls in those membranes were found ineréased compared with
those of the animals fed a diet containing soybean oil. Then, we examined the fragility of
erythrocvte obtained from SHRSP fed a diet containing 10% canola oil with 0.06%
cholestercl, which is one of the essential membrane components and is liable to be replaced
with phytosterols. The erythroeyte obtained were less fragile than that in SHRSP fed a diet
containing 10 % canola oil.

Additionally, a diet containing phytosterol—enriched canola oil showed a further
shortening of lifespan as compared with the diet containing 1092 canola oil. Since canola oil
is originally high in phytosterol content compared with soybean oil, this finding suggests an
essential role of phytosterols in the life-shortening cbserved.

In this paper, pathophysiclogical changes accompanying the shortening of life that might
be implicated in the mechanisms for an accelerated onset of stroke (by canola oil or
phytosterol-rich cils® are also discussed.
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Fatty acid Soybean oil Canola oil

140 Myristic acid 0.1 0

16:0  Palmitic acid 11.0 4.0
16:1 Palmitooleic acid 0 02
18:0 Stearic acid 36 1.7
18:1 Oleic acid 23.4 58.8
182 Linoleic acid 54.0 21.4
18:3 Linolenic actd 7.0 113
20:0 Arachidic acid 03 0.5
2001 Eicosenaic acid 02 14
22:0 Behenic acid 04 03
221 Erucic acid 0 04
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FMCREEHELEETNTVD (53 myg/
100g). BB L AFO—iE, avrF
O— A SERELTBHBIEAMINDATR
Az, TEAMPOIVAFO—ARBRYL, /A
BTN ENLIVAFO— AL D, 2
ENRORP AT — R E A VIR S
I, MY AT h ooV AFE—
MR LTt s,

BREAE R A7 0— A &RICEE L i,
FHMIREICRWITA Y, MBATT—H
ZLEETRTVAHED, EEGHHBOTHICEY
ThoLEFEZLNTES:,

3) H%HEEIC 31 5 SHRSP LU SHR 4%

#

Wi STR L 2RO b Wb S, K
thERERME RRREES v ¢ (SHRSP) I2d
LHOBMBOAEE--OREE LCHEN s Y
S, BEREFEBTLEVIRE"Y 25

3

h. 2OHC, BEEIGEFHEREEET IO
—DEERTnB T,
SHRSPOAGFAMOEBIIMETIEELD
AP T e S N TWiWD, HMiho
REROSF RIS, RAWE Y B L UHYY
AFu— A BELRT WD, BHRMAKICS
WTit, a-Y /L VRS - VERRAE VS
BIZSHRSP DA H BN LTS L v #iEht
HHH, FHEME IBREBEEPREL ) -
MBI —iidb, SHRSPOAY B % &M
Bt R, UN—FRELA
FHMTEEAREREEAR LT o0,
BUhERAKIEEMEEEAEENXEWIEY
o, BUBMEIETHREROERTHELY
R EWEELISND,
FHWMEC L 2 FEHBERIME SR
SHRSPIX. Wistar29 v o5 0BIRERIC X
STHMshl, BEMCHINE2BEYT L0
JEHBREIET v b (SHR) OBERTHS. N
WZRES FE O ERASSHR & b fagc, WHINWIE
DERFERLSHRICK N, —#I240~50 mmHg
<, 25 EMBEIIIRNRE (Rillhs &
UHREE) 28BLTHEECTL Y. CoORMEE
FEOREEIY, SHRSPOFHSHR L D LA E
MV, SHRSPW, #1208l 4%) 250
mmHg & %20, LHEA. BEEE OB, OB, T,
ML E) omFOREEZESZ . SHR &
DORNTICTFa—AMRAE LTI Bl
WTHH, T ZhOooEWTREETODL
AFO—NESEEMETLTEY, nbhal A
FR—NVARD BRI ERHERTWS,

FR2 AEAHIURBRCESENRSAF0~-IE (mg/00g oil)

Cholesterof ~ Brassicasterol Campesterol  Stigmasterol f-Sitosterol  Total phytosterol
Soybean oil 1 4 61 3 168 286
Canola oil 2 73 250 2 380 705
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4) HROBE

AR SR TV 2R, ERBYOLL 6T
ERMIHLTOAFERBERTALIE, FhiEK
KERSEEATHS, FEMPIUCE-THELS
EBRHMOEBRRESOELS X U'SHRSP TA
LRzEFFEHREROBRR B+ HE3 L
1X, Bb O EERICN D - T S
DRLZHIIOVTHERETDHL DI, 72, &
BORENFRETLI L TEELAMERETCH D
EEZ, BRI TwS, 227, ShEtiE
HRIFEREFIITELEHEIEIIL
RN LD AETEA RO SHRE s h:
SHRSP X, SHRBIUV I h LOBBBRETSH
% EHMFE Wistar Kyoto (WKY) 9 FD 3%
HOF v FPEMHY, 10%EMMBERICE A
SHRSPOAFAREMOTTIch 2 £ RENL:
LTI PR R L 2 W HRYHR RS
L7z 72, —RMEARBIEE. (bW, #MERE, X
B L TMIE IR, FREERRA. MRt M
L3 L UHARLRE, NGNS X UM
IO, BEARETRoNEET-7. &
WCSHRSPIZALNBZ IV AFU— VAR EET
i, Bl <HYRAFu—ricksalLxya
— VIO E L - T, SHRSPOMYP L
ATO—N LRV E T, SREBERCEELRIZ
TR S W, AR, REMh ORI
7 2= VASHRSP DA A MBS+
MEtEICiEB L, #RLEMILESIE L.

S v PHOMWHERIZE, BHSE LTECK
TMHEEINAI eI, REMEHEN S5
P gy L.

2. EBES
1) MEEHT SEE
RHMERLLBEOS v P2, REb&EE
[SHRSP (7R, fLHAMNSD), WKY S
» b (26 EMEHN, REEHTEHH), SHR (26
MM, REAND Y™, WKYZ v b (13
RN, REAMNL LY. SHRSP (48
I, REAFLZLYY] TERSELSE, v
NOFRED L VWREFIZBVTYH, AEMRES
NLZ LWL LR -7 (M1BLUES).
SHRSP T, FHENEABERREICAZIE
52
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150 -
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130 1
120 4

110 =

O Soybean oil

Systolic blood pressure (mmHg)

100 1 ® Canola oif
*}

01( T T L) ]

12345 7 10 13

Week of administration
B1 13810 AERT AT HESHEH
EIRI L /- Wistar Kyoto (WKY) Sv +O
IRMEXAM F L
ML, R LE Tail-cuffETHIEL 7.
RN D, KERE . @, MR i, 4~
SHOTHE L BRI 7.
#% p<0.013 & Useskox p<0.001, KITiBEE ke
BLTAHEZD Y (unpaired t-test).

BYokELOND,
2) mMAIcNT AN

FH M TS I/ O ML (26 B
WSHRBIUWKYS v b, 13%MERWKY
Jud) BLUHFMREOMM (26 MM PN
SHRB LU 13 BMAMWKY S v }) 25805
N2 (f3) TEhn, FHEMBRICL DN
HWBEFERSH, FUS LA ~OMHIcLS
M/ B A, SOEPERIGIZ () fFhIko B
WM, T, 1I3HAMBNWKYS » b
PTHE XU APTTICREENED W d o
. TR B LU 4HIELS SHRSPAOPT B &
FAPTT 213, FhEngifnsind o it gl
BHHh™ (£3), MEBEORENRESh
7=
3) MABELPICHTIEE
FHEGTNEHOMPEI VAT — 1, S
QVAFA—-ABLT MY LY FIREORA
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HEHEEDRL ATy FTHESNhBEIL

Animal strain

SHRSP

SHR

WKY

Feeding period (week)

7

1L

13

NaCl-loading (with/without}

£
=

without

Body weight

-

Food intake

Water intake -

Blood pressure

|l

-1

Urinalysis

Urinary volume

Na*

K‘

Cl.

RN

Lpd)d

Hematology

RBC

Hematocrit

WBC

Neutrophil

Lymphocyte

Platelet

PT

7

APTT

Mlepd b |d

%

Biood chemistry

BUN

i

Glucose

Total cholesterol

=

Free cholesterol

N

Triglyceride

HDL

NI

Phospholipids

NEFA

Na

K..

—|}lll=]=iala|—]e] ]

Cl.

-

Ca-n

e N

777

D

Jil]=tl =i~ !]|=]|=]|=2]e))

Hepatic enzyme

G6PDI

Catalase

777

50D

%

W
7

%

7

1, increase compared with soybean oil group

{ , decrease compared with soybean oil group

=+, no differences between canola oil group and soybean oil group

( ). tendency
V77 rot measured
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A%, 7THMMESHRSP, 26 MUEESHR, H&
U268 XU I3 HMEBMWKY S v FTEH6h0
=S kA h, AR AT b FR BT EE £ 4 im
RELZERHL A E L ST (KI). Th
12, BIRE(LERRE LY T »HRHKETH5 SHR
%2 SHRSPIZBW T, WIEREEIREIED P
Wbz oD,
4) BREICHTIES

FHaht 26 AP L 7:SHRB LU WKY 7
» bT, REBICERROHNMBEIEZD 6N
2 HETLAETIE L™, 13 AMBNWKY 7
v FTREARS O o (K3) 2k
Ho, FRHIMITRBCHLTELVEERRIZ
EhwkEZ bR/,
5) MERGICHT BT

26 AR EMME BN L:SHRE L U'WKY 9
v b+ OfgHE AR PLmM AT R A B X U AR
Ry ZFEEFHCTIERS BRT LR T
12, MAFRNEHELERRRATF (—BRIEED O
BAD D GILESRLE, MITTEHEO Lo E R
7)) YERIEE LT R a) BRI
53 L USRSk v ¥ A7) VIR
DB {ERES N T, 4BAWNHER
&4 LU /-SHRSPOHB MG ik, 104
—Fa4 ¥V (TyVAFLLU TIFRFY
&, ATP. = > FEV -1, JAZ¥EFT7YY
BT o) KHTIMERMER LV
TRAZ /4K (FTuA 4 2V /B0 D

YEXHYA) OELRBESYRT
L7:%5-C, WERAOmMESESY R 50
RSO AREOERTEwWEHE L LRI L
L. A7) —FRER AT O AT BRI
DAL CE LA &, BIUKEA
ENEONa, K*-ATPaseiffittd LR LAz 2 & H
5, 44 rEREOEIETPEHOREY
oL Y, HEACIFELERICEUTSCEBER
APY | AN R F (A
6) Na’', K'-ATPase@tts JURMBREERT

ERM iyt 388

4EB OIS IC L b SHRSP OR, LR,
BB & U AEIRIZSH 1Y 5 Na', K'-ATPase
W EA (RO LY, FIRRORAETIER
HHIZIET LA (E2)™, T/, EphrMEmL -
SHRSP TiX, MK REOMERICHbLL By
VAFO—AHoOHBAF o — itz 5840
EFL72: (5%, ThonI khs, Mm%
ML L 72 SHRSP Tk, MlBOS{Lrey T
R LWREESHLIE, /2, THICIIEMEN
BEC L YRR s A, MEEPCERL-ESA
FR—ATOMNAEE LI AR S .
7) EFEERICHTIBE

SHRSP 477 H ¥i, FRMBEBIT X b &M
L7 (B3, 7. KEmsoNHhRTo—

LT AHRETEML-ERMFERL 28T
X, SHICEFNRNEHLE (B4, FEM

F4 10%AEREFLEREHE4ARENMEORSLL
BEhRREESNERMRRET v+ (SHRSP) @

Na‘t, K*-ATPase 5t

Soybean oit Canola oil
Brain 639« 69 Ndr L7*
Heart 394« 84 801+ 17.5*
Kidney 19.1x 30 340+ 6.5
Aorta 727 95.2

Values are means = S, E. {nmol/mg protein/min) for 10 samples, except aorta.

Values of aorta represent the activities obtained {rom pooling samples.
*p<0.05, significantly different from the values of soybean oil group

(unpuired £-tesf)

54

-129-



L

100 =
so
Ry
2 %7
©
E
£
2 40
20
O Soybean oil
® Canolaoll
o
F L] L4 S | § q
0.30 0.35 0.40 0.45 0.50 0.55
%NaCl
2 4EMAXEAELRREREFENL BT IREENEEREES v b (SHRSP)
O

KM T A M, BT 102085 A &L EMenEs L.

NGB OFRRAY (0.1 ~0.85 %85k Y 7 LKA EEENL 2 B8
g% ZREOWEISMATHRAL, 304N LA SEOS8E FiTE1, 540 nmic
BUIREELEE L. BH¥EITHLL (0.1%58%4 100%Bn e L,

PrARN (D KGR @, FHRhEE (X, 10WOEHB I UINREL ET.

#% p<0.01 5 & Dok p<0.001, KEMIF &L THEZLSH D ‘unpaired £-test].

%5 109 AKEAT - EEE+4AMRANEORSL - BEhBRITISIEARRBES v b
{SHRSP) OFmMBBBAFO—IE8

Group Cholesterol  Brassicastcrol  Campesterol  Stigmasterol  §-Sitosterol  Total phytosterol
Soybeanoil  Mcan 414 n.d 27 0.255 219 33
+S.E 387 0184 0.0242 0.163 0354
Carola ol Mean 415 0.135 6. 454 nd 3 0ones LA o

+SE. o7 0.0376 0173 0.0899 0.264

Values are means + $. E. (nmol/mg erythrocyte membranes) for 10 animals.
n. d., < (.1 nmolimg erythrocyte membranes

***p<0.001, significantly differcnt from the values of the soybean oil group (uapaired (—test)
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IZAF A= A5 - wEIEML S TH,
WL OEF I BT/ + TN L -8y >
EVA LTI, ERFTOMM A T o— bt
HAFH BRI S35 LR DA, At
RZHLNT:. Lzd-T, £FENEE®MITE, =
Ml i it 2 5 o — a5+ 5 0TI
o AT O - VOREPNSGTLEEL ON
7z

3. BRETLED
SHRSPIRMM+ M —-oMYiFEE: Ui
V5L ALNDETEB OB, Bl
SRR A TN IHWAF 2 — VORI S
THILEMNHESLIZh -7, Na', K-ATPaseiE
HoRfkdiAoni2Z b, ABEEgICHEA
FU—AVDBEMTHI LI > THRES OB
YyNIPATHDZF P LR TR
SR, HRATFO—LiE, WIS
RPpDaVRAFo— A EflRT2o iz oTH
FOBFEEHEER A8 29™, oL
TO—WHRPTLE, AROBIAREORE
AEVERERL I W AL I T2,
X ARUIKEEHLL, BERIZoLNLMmMES
LrLWET L AMELAEZ S0, SHRSPT

100 -

40

Survival rate (%)

20

RHWAFO—-VOTELATEL, YR ST
LTWwa72®, BHIAFo—LaERicEiish
PFWIEMRRHINTVWE™, LT, &
DORBKODWEROEPYAF I~V 2 ST H
FHEZRNEEL E, SNOKDAFO—iL gt
PELICHMT A EELLND, T, EFMRM
Bt oTALORIMAERRBITIL <V LR,
mEEHERIETLIZE bR, B5ICHL
72k 942, Na', K-ATPasei§ti t 8, Hmzk
BUENG L, MBS oSS LU BT o
Bk, 7yo-ABEEALOTgE,. Bimds
TUMBERCHWESTAELEEZ NS, T4
ERE, BEHOWMATO—LOBREZELS
., LEOB{LZR/LETEFIROEREE L5
TIEHFHOII RS
AIROFERDP S, IR F T — I BRI
Iz & %5 SHRSP o #ifs{bicMb 2 HRpH O
DTHLHI LR INS, I FWaVAFn
— L IMIE% B C AT, HlhmboRAHitsh
Tikv5ad, i AFo—L L XL LHIZ
FHHRMBOBRH{LSOEEFe FTLEB LA
TOXRZRHEV. BT, PFu—-AHBIR
HLEORBEL FHT2H0T, SuikiBe o
VA7 O— L ORELE R WM D frgieildg

C Soybean oil
® Canplaoil

gy I

0 40 50

i i i i
60 70 80 90

Day of administration

FE3 10%ARHFAERBHERREEARL AREDERESM
EBRRBIEZ v b (SHRSP) O&7renis

EMfICAX, 1% REARREORE LCHHRI R,

ChHIveid. FRPhKEMBL UM 2589, BB d

nBEHY

&6
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p<0.05. Log-rank test, Tarone-Ware test:.
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100 o /L

T

40

Survival rate (%)

20 O Canola oil

® Canola oil+phytosterol

[ ———
0 30 40 80 80 70

Day of administration
4 10%RERFARHBATO—ATSNI0%SRERSHEREEEANU -
BEhBRERNEERRES Y b (SHRSP) O&ETFaR
Bpicit, 195K AR X LT SRR S R,
OBIUv@E, ThAFNI0WEHMNBRBL AT 4 VA5 3 LiRII10%
FAEREF 2 20y, WIPERGIAT R Y p<0.05, Log-rank test. Tarone-
Ware test'.

Intake of excessive phytosterol

Na' !ﬁétj?;l‘it};ase Erythrocyts Platelet Blood eoagulation Blood lipid level

Facilitation
. Fragile othat , .
N e B i e

membranes?
[ Hemomrhage ] [ Thrombosis ]( Atherogenesis ]

Shortening of life span in SHRSP

Bs &
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R OREL LTHe S s BlmrhIci
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VAF o — RSN IRE S h B
EFRTLHBILAFO—IL LSRR, fip
A7 00— 0 R 723KET, SHRSP %
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ORETHLR e VLRI LZDEAHL I TIRL
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WTII E A EHFRA e, SEIEEICEE
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Abihld, EHMmOLS LHRMAFI—LE
FZLELCERBIGTHNRTL E, £ OHEBR
FO—-MHREHSh, 74 FAF2— AV MIETH
LHNDLIERO > TH LN HECHOELER
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