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Table 5
Hepatic and serum sterol contents of SHRSP rats fed the test diets
Can CanfAlk Soy Soy/PS Hyd.Soy Olv Epo
Serum (mglm! 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% 009%0.01* 0.03+0.01* 0.01 £0.00° 0.02x0.01°
p-Sitosterol 0.06 £0.00** 0.06 £ 0.01% 0.04 £0,00% 0.07+0.01* 0.04£0.01% 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* 0641003 0.56+0.02* 0.53+0.06%=  0.56+0.03° 0.3310.06 0.34+0.11%
PS/cholestero! 1.24+0.01° 0.2110.02> 0.16 £0.01¢ 044%001*  0.14%£0.029 0.12£0.01¢ 0.16+0.01%
Liver (mglg liver)
Cholesterol 1,44 £0,05% 1.69+0.09* 1782001  1.221006° 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 0.3020.01* 0.11 £0.014 0.09£0.01¢ 0.10£0.014
p-Sitosterol 0.13+0.01° 0.1t £0.01° 0.11+0,01° 0.20+0.01* 0.10£0.01° 0.10£0.01® 0.12£0.01°
Total PS 0.33 £0.02° 0.28 £0.02% 025+0.02% 0.50+0.02* 0.20+0.03° 0.20+0.01° 0.22£0.02%
Total sterol 1.76 £0.07 1.97£0.11 202+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% 0.120.01¢ 0.29 £0.00* G.11x0.01° 0.11 £0.0¢4 0.13 £0.00%

Values are means + SEM (# = 4). Values in the same row not sharing a common superscript are significantly different (p < 0.05).

Table 6
Correlation coefficients (r) between the mean survival time and dietary or tissne sterol content in rats fed the test diets for 8 weeks
Diet Serum Liver
r r r p r P
Cholesterol 0.482 0.096 0214 0.645 0.216 0.642
Brassicasterol 0.311 0.301 ND ND ND ND
Campesterol 0.180 0.566 0.268 0.561 0.364 0.422
Stigmasterol -0.183 0.550 ND ND ND ND
B-Sitosterol 0.024 0.937 0.353 0,438 0226 0.626
Total PS 0.054 0.361 0.302 0.511 0.325 0.478
Total sterol 0.081 0.792 0.267 0.563 0.643 0.119
PS/cholesterol -0.0i6 0.960 0.281 0.541 0.220 0.635

Correlation coeficient 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-
Bower 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,, 200]; Kameyama
et al., 1996; Sauer et al., 1997; Innis and Dyer, 1599). 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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Hypocholesterolemic activity of dietary polyunsaturated fatty acids is observed after relatively short-term
bat not long-term feedings, and their long-term feedings are suspected to accelerate aging through tissue accn-
mulation of lipid perexides and age pigments (lipofuscin). To define the long-term effects of fats and oils in more
detail, female mice were fed a conventional bagal diet supplemented with lard (Lar), high-linoleic (n-6) safflower
oil (Saf), rapeseed oil (Rap), high-c-linolenic (a-3) perilla oi} (Per), or a mixture of ethyl docosahexaenoate and

soybean oil (DHA/Soy) from 17 weeks to 71 weeks of ag
cholesterol levels compared with the Lar and Saf groups,

e. The DHA/Soy and Per groups had decreased serum

but the difference between the Lar and Saf groups was.

not significant. The 3-hydroxy-3-methyglutary-CoA (HMG-CoA) reductase activity in the liver was also signifi-

cantly lower in the Per and DHA/Soy groups. However,

no significant difference in lipofuscin contents in the

brain 2nd liver was observed among the 5 dietary groups, despite significant differences in peroxidizability in-

.. dices of the dietary andfor tissue lipids. These results indicate that n-3 fatty acid-rich ofls are hypocholes-

terolemic by suppressing hepatic HMG-CoA reductase activity compared with anima! fats and high-linoleic (n-6)
oil, but tissue lipofuscin contents are not affected by a long-term feeding of fats and oils with different degree of

unsaturation in mice.

Key words  docosahexaenoic acid (DHA); perilla oil lard; cholesterol; 3:hydmxy-3-met!tyglutary-CoA (HMG-CoA); age pig-

ment

Hypercholesterolemia was assumed to be a major risk fac-
tor for atherosclerosis and related diseases, and raising the
polyunsaturated to saturated (P/S) ratio of dietary fatty acids
as well as reducing the intake of cholesterol had long been
recommended for the prevention of atherosclerosis. However,
we observed no significant decrease in serum cholesterol lev-
els in mice after 17 weeks feeding of safflower oil as com-
pared with lard."” Moreover, raising the P/S ratio of dietary
fatty acids has been proven in long-term clinical studies (7—
10 years) to be ineffective in lowering serum cholesterol and
even to be risky for the prevention of coronary heart dis-
ease 2~ Instead, a nutritional intervention to decrease the in-
take of linoleic acid (n-6) and increase that of o-linolenic
acid (n-3) and oleic acid was found to be highly effective for
the secondary prevention of coronary heart disease” as re-
viewed elsewhere.*® Many lines of evidence also support the
proposal that n-3 fatty acids in fish oil, EPA and docosa-
hexaenoic acid (DHA), are effective for the prevention of
coronary heart disease as summarized by Lands.”

On the other hand, the uptake of oxidized low density
lipoprotein (LDL) by macrophages is considered an garly
event in the progress of atherosclerosis,® and long-term feed-
ings of n-3 fatty acids, particularly DHA with six double
bonds, are suspected to enhance lipid peroxide accumnulation
in tissues and oxidized-LDL formation. This latter interpreta-
tion is apparently inconsistent with the observed beneficial
effects of fish oils for the prevention of coronary heart dis-
ease. Although the regulatory mechanism of cholesterol syn-
thesis has been revealed at the levels of gene expression, es-
pecially in the vitro system, the available data are not enough
to predict tissue cholesterol levels under different dietary

+ To whom correspondence should be addressed.  e-mail: okuyamah@phar.nagoya-cuac.jp
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conditions. One purpose of the present experiments was w0
define the long-term feeding effects of different types of fats
and oils on serum and hepatic cholesterol levels under the
same dietary conditions. e TE
Lipofuscin is an auto-fluorescent yellow pigment that ac-
cumulates within cytoplasmic granules of post-mitotic tis~
sues during aging. The lipofuscin is, therefore, generally -
called an “age pigment”.*—'" It also accumulates in the cen-,
tral nervous system with pathological processes such-.a§
Alzheimer’s disease.'? The age pigment has been supposed .
to be celiular debris derived from lipid peroxides by free rad-,
ical-induced oxidative stress, and thus regarded as one of the:
indices of lipid peroxidation in tissues.'” However, the, accu-’
mulation of age pigment in tissues of animals under different’
dietary fatty acids has rarely been determined. The second’
purpose of this study was to define the effect of long-terni
feeding of fats and oils on age pigment contents in mice. .

MATERIALS AND METHODS

Animals and Diets Specific pathogen-free, female”
C57BL/6 mice at 5 weeks of age were purchased from SLC’
Japan, Inc., Tokyo. The mice were initially fed for up to 17
weeks of age with a conventional diet (CE2; Central Labora-:
tory for Experimental Animals (Clea) Japan, Inc., Tokyo)-:
containing 4.4% (w/w) lipids (lipids contained in the matert; "
als and supplemented soybean oil) and defined amounts _?f;
nutrients. Then, mice were divided randomly into five groups
of 12 animals each. Average body weight of the 5 dietary”
groups was 24.620.2 g and the maximum deviation from the’
mean was 1.3%. They were housed in a room specified for

© 2003 Pharmaceutical Society of Japan
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special pathogen-free animals with 2 fixed room temperature
(24x2°C), humidity (55+5%) and lighting (from 06:00 to
18:00), and given free access to filtered water and an experi-
mental diet. Lard (Lar), safflower oil (high-linoleic acid type,
Saf), rapeseed oil (low-erucic Canola type, Rap), perilla oil
(from seeds of beefsteak plant, Per) and a 1:9 mixture of
DHA ethylester (kindly supplied by Harima Chemicals Inc.,
Tokyo and Shiseido Co., Tokyo) and soybean oil (DHA/Soy)
were used. The amount of DHA in the DHA/Soy diet (2%
energy) was set between the intakes of DHA and EPA by av-
erage Japanese (0.7% energy) and Greenland natives (5.1%
energy).'¥

The basal diet (CE2) and experimental fat or oil was
mixed at 2 weight ratio of 9 to 1. The fina! lipid content was
“calculated to be 14.0 wt% (31.4% energy), a level higher than
that of the average Japanese (26% energy) but lower than the
‘average American (ca. 37% energy). The fatty acid composi-
tion of the experimental diet is shown in Table 1. Peroxidiz-
ability index (PI)'? was determined as follows; PI=(%
‘monoenoate X0.025)+(%  dienoate X 1)+ (trienocate X2)+(%
tetraenoateX4)+(% pentacnoate X6)+(% hexaenoate X 8).
:The experimental diets were purchased as pellets from Clea
Japan Co., Ltd., and kept at 4°C for less than 1 month, ex-
cept for the DHA/Soy diet which was prepared in our labora-
“tory and kept frozen at —20 °C for less than 1.5 weeks before
serving. The diets were replaced every day in the case of the
‘DHA/Soy diet, and every two days in other diets;-conditions
that were determined by preliminary experiments to keep the
peroxide values of the served diets below 10 meg/kg.

Determination of Cholesterol Mice were sacrificed at
71 weeks of age after feeding of the test diets for 54 weeks,
‘and tissue sarnples were stored at —80°C until analysis.
Total cholesterol was separated by silica gel thin-layer chro-
matography, the ester form was hydrolyzed with sodium
‘methoxide, and free cholesterol plus an internal standard, 8-
Sitosterol, were analyzed as dinitrobenzoyl derivatives by re-
versed-phase HPLC on a Wakosil ODS column as described
“by Kasama ez al.'® and Newkirk and Sheppard.'™

Determination of Fatty Acid Composition in Dietary
and Tissue Lipids Lipids were extracted from diets and

Table 1. Fatty Acid Composition of Experimental Diet™

Fatty acid Lar Saf Rap Per DHA/Soy”
14:0 1.2 0.3 0.2 02 0.2
16:0 2312 9.4 14 8.4 10.9
16:1 19 0.4 0.6 0.4 0.3
18:0 12.1 26 23 1.8 34
18:10-9% 37.1 17.7 516 179 20.7
18:2n-6 194 64.5 26.7 235 48.6
18:3n-3% 1.5 14 7.2 445 6.4
20:0 0.2 0.3 0.6 0.2 0.3
20:1 1.2 0.7 1.5 0.8 0.6
20:4n-6% 0.2 0.1 0.1 0.1 0.1
20:5n-3% 0.8 0.9 0.7 0.8 1.1
22:0 0.1 0.4 0.3 0.1 0.3
:22:1 0.4 0.4 04 0.3 0.3
" 22:6n-3% 0.8 0.7 0.6 " 0.8 6.7
24:0 0.1 0.1 0z . 01 0.1
- n-6/n-3 ratio 6.5 216 3.1 0.5 3.4
e 35 79 52 125 123

- @) The fatty acid composition of the dict (% of total fatty acids) was analyzed by
gas-liquid chromatography. &) The position of the double bond number numbered
from the methyl terminus is designated as n-9, p-6 or n-3. ¢) Peroxidizability Index.
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tissue samples with chloroform/methanol according to Bligh
and Dyer’s method,'® fatty acids were converted to
methylesters, and analyzed by gas-liquid chromatography as
described previously.!?

Determination of Hepatic HMG-CoA Reductase Activ-
ity A 10% (w/v) homogenate of mouse liver was prepared
in 0.9% NaCl. The homogenates were centrifuged at 700X g
for 5min and then the supernatants were centrifuged at
12000 g for 30 min. Microsomal fractions were obtained by
centrifugation of the supernatants at 105000 g for 60 min at
4°C. These fractions were resuspended in 0.1 M sucrose/50
mm KCI/40mum potassium-phosphate buffer (pH 7.4) con-
taining 10mm DTT, and the suspensions were used for assay
of 3-hydroxy-3-methylglutary-CoA (HMG-CoA) reductase
activity. HMG-CoA reductase activity: was measured essen-
tially as described by Kuroda and Endo.}” Briefly, 20—
100 g of the microsomal protein was incubated with
2.55mM bL-[3-"C] HMG-CoA 144 MBg/mmol (Dupont,
NEN) in 0.5 M potassium-phosphate buffer containing 10 mm
NADPH; 100mm DTT and 100mm EDTA for !Smin at
37°C. Hydrochloric acid (2N) was added to stop the reac-
tion, and samples were further incubated for 15 min at 37°C.
The incubated mixture was applied to silica gel 6G TLC
plates (Merck). Plates were developed in acetone-benzene
(1:1), and the area corresponding to mevalonate (Rf 0.2—
0.6} was scraped off and mixed with 20ml of Clearsol IT
(Nacalai Tesque). Radioactivity was measured using a scin-
tillation counter LSC-5100 (Aloka, Tokyo). HMG-CoA re-
ductase activity was expressed as nanomol of ["*C]-meval-
onate produced per min per mg of microsomal protein.

Determination of Yellow Fluerescent Lipofuscin in Tis-
sues Yellow fluorescent lipofuscin in tissues was deter-
mined as described elsewhere.?'?? Briefly, 50mg of the
lyophilized tissues was homogenized in 9.0ml of PBS con-
taining 0.1% SDS. The homogenate was centrifuged at
105000Xg for 60min at 25°C. The supernatant was con-
densed to 1/10 volume by ultrafiltration through a Diaflo R
ultrafiltration membrane (PM-10 Amicon Corporation, Ire-
land) in order to remove low molecular weight materials
(below 10kDa). The condensed solution was made up to
9.0ml with the same bufferized solution. Fluorescence spec-
tra and intensities of the solution were recorded with a Hi-
tachi 650-60 flucrescence spectrophotometer (Hitachi Co.,
Ltd. Tokyo) equipped with a xenon-lamp. The instrument
was standardized with a solution of 0.1 gm quinine sulfate in
0.1 ¥ sulfuric acid to give a fluorescence intensity of 1.00 at
450 nm when excited at 350 nm. The relative fluorescence in-
tensity (Rf}) of the extract against that of quinine sulfate was
obtained, and an Rfi unit was calculated by multiplying Rfi
by volume (ml) of the solution, -

Statistical Analysis Data were represented as means=*
S.D. Statistical analysis of data was performed using Bonfer-
roni’s multiple comparison (Stat View J<4.11; Abacus Con-
cepts, Inc., Berkeley, CA, US.AL).

RESULTS

Serum and Hepatic Cholesterol Total serum choles-
terol in the DHA/Soy, Per, Rap, Saf and Lar groups were
84.6, 85.3, 97.2, 110.8 and 114.7 mg/dl, respectively (Fig. 1).
The levels of DHA/Soy and Per groups were significantly
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Fig. 1. Effect of Dietary Fat and Oil on the Total Serum and Liver Choles-
terol

Mice were sacrificed at 71 weeks of age. A conventional diet was fed for §7 weeks
prior o expetimental diets. Values are means=5.D, of 6 mice. The bars with different
superscripts are significantly different from each other by ANOVA at p<<0.05. Oblique
and open columns represent the total serum cholesterol and total liver cholesterol, re-
spectively. - -
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Fig. 2. Effect of Dietary Fat and Oil on HMG-CoA Reductase Activity

Mice were sacrificed at 71 weeks of age after feeding test diets for 51 weeks. Values
are means*=S.D. of & mice. The columns with different superscripts are significantly
differsnt from each other by ANOVA at p<<0.05.

lower than those of the Saf and Lar groups, but there were no
significant differences among the Per, DHA/Soy and Rap
groups. It is emphasized that a long-term feeding of animal
fat (Lar) and high-linoleic acid vegetable oil (Saf) brings
about no significant difference in serum cholesterol levels in
mice or in rats. Hepatic cholesterol levels roughly paralleled
the serum cholesterol levels.

Hepatic HMG-CoA Reductase Activity The hepatic
HMG-CoA reductase activities in the Lar, Saf, Rap and Per
groups were higher by 144.0%, 87.9%, 47.3% and 41.8%, re-
spectively, compared with that of the DHA/Soy group (Fig.
2). Although the serum and hepatic cholesterol levels were
not significantly different between the Lar and Saf groups,
the difference in the HMG-CoA reductase activities of the
two groups was significant. The hepatic HMG-CoA reduc-
tase activities, however, roughly paralleled the serum and he-
patic cholesterol levels (in the serum, r=0.77, p<0.0001; in
the liver, r=0.56, p=0.0014).

Hepatic and Brain Lipofuscin Contents The lipofuscin
contents in the brain were not affected by the diets (Fig. 3).
In the liver, lipofuscin was not detectable in any of the di-
etary groups. In the brain, the lipofuscin contents were not
correlated with PI values of the dietary lipids (»=0.49,
p=0.18) nor with those of tissue lipids (»=0.69, p=0.20}.

Fatty Acid Composition of Brain and Liver Fatty acid
composition of brain phospholipid is kept relatively constant
under the dietary conditions. The arachidonate (20:4n-6) lev-
els in the Per and DHA/Soy group were slightly but statisti-
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Fig. 3. Lipofuscin Content and Peroxidizability Index

Brain (A) and liver (B} from mice fed a test diet for 51 wecks were analyzed (n=§).
Statistical analyses were performed using one-way AVONA. Relative fluorescein inten.
sity (Rfi) was taken as lipofuscin content, and is expressed by open columns. Peroxidiz-
ability index of tissue Fatty acids is expressed by oblique columns.

Table 2. Fatty Acid Composition of Brain Phospholipid

Dietary group
Fatty acid -
Lar Saf Rap Per DHA/Soy
% (wt/wt) of total fatty acids
16:0 DMA 21201 20202 20202 21x02 20x03
16:0 18307 17.5x05 18.0%12 (82x14 184=13
16:1 08£01 05+02 05x01 07202 06x02
18:0DMA 36%02  37%00 3602  36x01 35%01
18:1DMA 21+05"  17202%  L7£01™  16%00 L7=02*
180 20205 207x1.0 210209 24x12 ZLI=10.
18:1 213+06% 202z0.6 214%06" 21.6=07 208:x0.5*
18:20-6 06+00* [.2£02* 07%01" 08%0.4° 14204
20:0 03+02 04%00 02%02 03202 04201’
20:1 21203  21*02 22x03 22x04 1903
20:3n-6 05+0.1 04=0.! 05%04 05201 08202
20:4n-6 8.5+0.5* 89%=03" 87+05" 73x03 73x03
210 03203 0303 0401 03x03 02z03.
22:40-6 26202 30£0.1" 26202* 2408 22£03%
22:50-6 0.1%02 N.D. 0.1£03 N.D. ND. |
22:50-3 0.b+001* 01x01* OIx01* 05x04* 02x02°
22:60-3 13.0£07 127%05 131200 125x10 146xLD
24:0 08202 09203 0504 0801 0604,
21 29%13  35x£13 0 25202 32409  25=08
n-6/n-3 Ratio 0.9+0.0° 11x00° LOZOI* 09200 09x01°
Pl 1518 15325 15410 145%11 156=10
Total fatty acids 354=4.0 356221 37.0xl1 348=31 3534l
{mg/g tissue)

Values (%) for the fatty acid composition of total brain phespholipids are
means=5.D. (n-6). Values with different superscripts are significantly different from
each other at p<<0.95. N.D., not detectable.

cally significantly lower than in the other dietary groups. No
significant difference was observed in the DHA contents of
PI values of the 5 dietary groups, despite a great difference -
these parameters in the diets (Table 2).
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Table 3. Fatty Acid Composition of Hepatic Total Lipids

Dictary group
Fatty acid
Lar Saf Rap . Per DAH/Soy
% (wu'wt) of total fatty acids
14:0 04£01* 03201 04%01° 02000 03x0.1*
16:0DMA 0201 0201 0.1x0.0 0.2=00 01200
‘I6:O 262424 222+30° 2041.1% {78x10° 232=16™
16:1 28205 09204 18206" 12+04%® 13204%
18:0 S1=08% 62x10* 42x05 6832120 S4x04™
31 174266 145216 41.6x42% 18916 18524
18:2n-6 16729 433219 209=34% 249+13° 34925
18:3n6 03+03 1.0%03* 04x01* 03x01* 04201*
12:3n-3 0.520.1° 04=0.1" 24206™ [7.5t51° 22:04™
20:1 03201 00201 04015 0201 02=0.*
20:30-6 0.5+000 09202 05200* 05200 0.7%0.1"
20:40-6 38205 5307 30202 3009 29206
20:5n-3 08%02 04=02* 08202* 3105 1.5%02"
220 01200 . 0.1%01 tr. 0.1=01
22:1 ND. N.D. N.D. tr. tr.
22:4n-6 0.1+00° 022019 fr. N.D* 0. 200"
22:5n-3 0.5+£02 03x01* 0400 11x01f  07x01°
22:60-3 4l=10* 36208® 25+02 42209 13x0F
24:0 N.D. tr. N.D. N.D. .
241 ¢l1=0! QI=0l 01=x01 0200 01201
"n-6/n-3 Ratio 18205 NO=1% 41204° 12203 33204
L4 7716 103x10* 33 13324° 1267
Total fatty acids 1062 15% 95219 133z 1s* 88 %18 98 =13
 (mg/g tissue)

. Values (%) are means=S5.D. (n-6). Values with different superscripts are significantly
different from each other in the line at p<<0.05. N.D., not detected, tr., trace.

Fatty acid composition of hepatic lipids roughly reflected
that of the experimental diets when total n-6 and n-3 fatty
acids were summed up (Table 3). The proportions of total
saturated fatty acids in the Lar group, total monounsaturated
acids in both the Rap and Lar groups, total n-6 polyunsatu-
rated acids in the Saf group and total n-3 polyunsaturated
acids in the Per group were significantly higher than those of
other groups. The proportion of DHA in the DHA/Soy group
was greater than in the other dietary groups, and the n-6/n-3
ratio of the Saf group was much higher while that of the Per
group was lower than in the other groups. The PI values in
the Per and the DHA/Soy groups were greater than in the
other dietary groups, and total fatty acids in the Rap group
were significantly higher than in the other groups except for
the Lar group.

DISCUSSION

The regulatory mechanisms of cholesterol biosynthesis
have been revealed at the levels of gene expression. > In
cuttured cells, transcription factors (sterol responsive element
binding proteins, SREBP 2 and SREBP lc} are up-regulated
by saturated fatty acid (S) and monounsaturated fatty acid
(M) but are down-regulated by polyunsaturated fatty
acids.??" Highly unsaturated fatty acids such as EPA
(20:5n-3), DHA (22:6n-3) and arachidonic acid (20:4n-6) are
more effective than linoleic acid (18:2n-6) in regulating the
gene expression. Thus, the cholesterol synthesis appears to
be regulated by the degree of unsaturation and chain length
in vitro. On the other hand, cholesterol is known to suppress
cholesterol synthesis partly by suppressing the maturation of
SREBP?® These mechanisms are expected to work in vivo to
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maintain tissue cholesterol levels. However, tissue choles-
tero! is known to vary depending on such factors as the
amounts and the type of dietary fatty acids as well as the pe-
riod of dietary manipulation.> ! So far, available data have
not been sufficient to describe long-term effects of dietary
fats and oils with a different degree of unsaturation and dif-
ferent n-6/n-3 balance even in animal studies.

Hypocholesterolemic activity of dietary linoleic acid com-
pared with animal fats, which has been observed after rela-
tively short feeding periods, was not observed after long-
terrn feedings, e.g., >1/10 the life span. The DHA/Soy diet
as well as the Per diet was more hypocholesterolemic after
long-term feedings than the Lar and Saf diets in a mouse
strain (Fig. 1). These results are consistent with others, which
compared combinations of these fats and oils under the same
conditions.® " Thus, the earlier recommendations to in-
crease the intake of high-linoleic vegetable oils and decrease
that of animal fats for the prevention of chronic diseases such
as thrombotic diseases®® needs to be re-evaluated, particu-
larly because longer-term dietary intervention brought about
no significant beneficial effects on plasma cholesterol nor on
atherosclerotic diseases.'® The observed effects of dietary
fats and oils on tissue cholesterol levels were roughly ac-
counted for by the activities of HMG-CoA reductase, a rate-
limiting enzyme of cholesterol synthesis as reported by ather
groups in rats.”** The serum and hepatic cholestero! levels
in different dietary groups are consistent with those predicted
from in vitro studies in cultured cells>*3%

Beside genes related to cholesterol synthesis, dietary fatty
acids are known to affect the expression of genes for other
related proteins such as LDL receptor,’® LCAT?” and PPAR-
o that can regulate bile acid synthesis and $-oxidation.?*%%
For example, o-linolenic acid is a preferred substrate for the
mitochondrial S-oxidation system in comparison to linoleic,
saturated and monounsaturated acids in the rat*® Although
DHA is a relatively poor substrate for the mitochondrial -
oxidation system, it can quickly undergo S-oxidation in rat or
mouse peroxisomes after proliferation.'—*

Hypercholesterolemia itself has long been considered the
major risk factor for elderly-onset diseases but this has now
been questioned”; plasma cholesterol level was reported to
be negatively correlated with all causes of mortality and can-
cer death after follow up for 10 years.**® The levels of
prenyl intermediates rather than plasma cholesterol appear to
be important factors for carcinogenesis and atherogenesis.>*?

The free radical theory of aging and thrombotic diseases
was based mainly on a comparison of dietary fats and oils
with different degrees of unsaturation. The degree of unsatu-
ration was positively correlated with autoxidizability in the
air atmosphere and presumed markers for these diseases,
e.g., oxidized LDL and lipofuscin. n-3 Fatty acids such as
ALA and DHA have an additional double bond compared
with n-6 fatty acids with the same carbon number, and long-
term feedings of n-3 fatty acids are suspected to increase
lipid peroxides and their secondary products, e.g., lipofuscin.
We employed the SDS extraction method™ for determination
of yellow fluorescent lipofuscin. Tissue accurnulation of lipo-
fuscin is likely to reflect the differential rates of its turnover;
the rate of degradation may be relatively faster and/or anti-
oxidative capacity to suppress its formation may be greater in
the liver. Faster turnover rates of hepatic cells compared with
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brain neurons may also affect tissue lipofuscin contents. Al-
ternatively, the fluorescent materials in these tissues except
for the brain may be different from the so-called yellow fluo-
rescent lipofuscin,®!"? a presumed index of aging and lipid
peroxidation. In this method, we have observed that lipofus-
cin was well detected in the brain, but not in the liver of
mice. Despite a great difference in the peroxidizability of di-
etary fats and oils, no significant difference was observed in
the brain lipofuscin contents of the 5 dietary groups. We have
shown that rats fed DHA-rich oil and perilla oil exhibit supe-
rior learning ability in brightness-discrimination learning
tests compared with a high-linoleic safflower oil group.*®
These observations are inconsistent with the lipid peroxide
theory of aging and atherogenesis.

Finally, we would like to comment that the percent of fat
energy of the diet (31.4%) was set between those of average
Japanese (ca. 26%) and average Americans {(ca. 37%), and
the amount of DHA in the DHA/Soy diet (2%) was far below
the dietary levels in Greenland natives (5.1%).!* Although
excessive intake of n-3 fatty acids is suspected to increase
apoplexy, the higher incidence of apoplexy observed in
Greenland natives compared with Danes'¥ is rather ascribed
to their lower intake of Vitamin C required for the synthesis
of collagen and elastin to strengthen blood vessels. No appre-
ciable symptom of apoplexy was observed in the present ex-
periments.
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Phytosterols play a role in canola oil-induced shortening of lifespan
in stroke prone spontaneously hypertensive rats

Yukiko Narro, Naoki Osars

High blood level of cholesterdl is one of the risk factors for cardiovascular dizeases, and
foods of which some ingredients are capable of decreasing the level of cholestercl have been
chosen and recommended for daily meal. Plant sterols ‘phytosterols: in vegetable oils, fruite
end 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 eancla oil
shortened lifespan, though the mechanism underlying such an unfavorable effect is
unknown. We have studied about the several physialogical changes in SHRSP fed a diet
containing 10%> canocla cil as the only dietary fat, and attempted to find eausal substances,
Soybean oil has been used as control, because 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, erythrocytes became fragile with activated
Na’, K~ ATPase, and phytosterols in those membranes were found increased 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% cancla oil with 0.06 %
cholesterol, which is one of the essential membrane components and is liable to be replaced
with phytosterols. The ervthrocyte 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 10%% cancla 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 observed.

In this paper, pathophysiological 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 oils, are alsc discussed.
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WToRFEOMLAED, ThdRshTy
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HES: A ARSI S . EMMhcRbL£L<
HEINLMUEEA LA VBT, H60% 240
o RaTY -V (F520%), V/ vk
(#110%) OMUZE W, BREMR S W TwD B
dp., DMBEMERN AT ALY Y BEET
T, MHEBRICEoT2%EMII LM (Fx/
— i) THhH., REBTLIOMEMNAR —
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DRABEETENET T2, n-6REMM
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Fatty acid Soybean oil Canola oil

14:0  Myristic acid 0.1 0

160 Palmitc acid 11.0 4.0
16:1 Palmitonleic acid 0 0.2
180  Stearic acié 36 1.7
18:.1  Oleicacid 234 38.8
13:2 Linoleic acid 54.0 214
18:3 Linolenic acid 7.0 113
20:0  Arachidic acid 0.3 0.5
20:1 Eicosenoic acid 02 1.4
22:0  Bchenic acid 0.4 03
22:1 Erucic acid 0 0.4
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NI PABPRZ I EXRMENTWS, B5{L,
n—-6 RA BRI I EE /i - 3 R A SUM R B e At 38
{hnl, MBREAERERRT {2 EAHE
ERTwA",
FREBICAEMIFEAZAF TN (2
VAFE—VELUHMRATO—N) S5r e
L7 (&2)". ¥EiidhoREpRre—ivix
(705 mg/100 g) k. KIAL (286 mg/100¢g) @
#2545 THD. T XEMIPOL-VFAT
O—V (380 mg/i00g) BLUH I NRAFu—
L (250 mg/100 g) ik, B 54 AUMBh oG
£ (Fh #1168 mg/100 g5 X 1161 mg/100 g)
IDHEL, —H, AF4 VT AFO—-NITEHN
WMICREEAYGEL WY 2mg/100g), X
Tt kBN E(ETFhTwD (53 mg/
100g). BER-HWAFI— i, VRS
TN XD bEELTETEI MDA
Lz, IO VATFO—=ABRIL, b
BB ANEIVAFO—ARD AL kD, 3
LAFOR AT T - 3iE R A P S F,
T, T EAMCE AT oo L ATFU—
Vi LTt s b,
BRI A F o — A &inicEE L4,
PRI RVTH D, EiAFI— P
HZL IR T a0, EHEENHEOTHIZELD
ThHLHEEZoNTETL
3) AipHERICEH T 5 SHRSP B LU SHR M4
=
BISITR L2 Mo FR s L b 58, X
hEBRIERMER KIS » + (SHRSP) 123
LHHORMMOAEH-ORIEE LTINS
Lri, BERBEMFEETLEVIRETY B

b, FopT, EHEMIIEFOREERT IO
—DEERTWD Y,
SHRSPOAM A HOMHICHSTHEELD
haWIE T2 sh T ings, Wb o
i O R, RAWRE"™ B LY
AFuR—L Y REbhTwA, BEHEAEIIo
Wk, o=V /L8 ) - VEBRARWE
BIZSHRSPOETFHEPEET 2 & v Hiht
HDLA, FHMmEREBRERSIRE LAY —T
MMBLT2— b, SHRSPOAFH ¥od
XEDEMEHOIEY R, UNR—PREL:
KBTI B BB ER AT L 0D,
BIFRARIIERME B EAEENE W LY
b, RGSEESEENNEEOBRTHL
HREwEEZ Shb,
FHEMBIU L 2EFH BRI gEs R
SHRSPiL. WistarfA T v b5 OBREALC &
STHE s R, BEMSSIUE %4 2510
FEHBRRIES v + (SHR) OBRTHS.
AR S MIED EAAXRSHR & b SukT, BUENE
OEFRMTSHRICH S, —4%1240~50 mmHg
<, 2RI BmE T (HERE X
VRS #HRLULTIECTSLY, ZoRmiTE:
EORAEHIE, SHRSPOFHFSHR L D LA
2RV, SHRSPIL, #2034k TlIEA# 250
mmHg &% 0, OIEX, B (B, O, TS,
BRLE) onForEExES>2 L. SHRE
HLEmATIC T Fa— AN EE LTI A%
WTHDH. 7, “hooBTCRFETHOL
AF - VEFREMETLTEY, It
FR= VRSN RSN T VS,

%2 KEASIURBRICEENDIAFO-IE (mg/100g oil)

Cholesiecrol  Brassicasterol Campesterol  Stigmasterol fi-Sitosterol  Total phytosterol
Soybean oil 1 4 61 53 168 286
Canola oil 2 3 250 2 380 705
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4) FFROBE

LA ST BN, ERBYOAL LT
MO LTOAT R E R 2 6IE, TRiEHR
Kt alEess. FEMBEIUZ X > THELS
EBROETRELEOT{LE XL FSHRSP TA
R REBOEREBIFEE2HRLIE
12, BAbOofER LB DL T 5
OEEHIIOWTHRRZRD LD, £/:, &
ROREM P RIETH P TRELHERMTH S
EEZL, MHERITTWE, F2C. ZhETH
OB EIITTEHLTEICL T
EHMMEUZ L 24 B RoEE RIES
SHRSP . SHRB LU hOHOEMBRETH
LIERMIE Wistar Kyoto (WKY) 9 bD 3R
$DOF v PEHG, 10%XEWMENIIES
SHRSPOAFH BEMONFIICH S LB FNE
LU PRI RE R L 2R, MR H 2%
L7z, F7e, —RdEikBIg:. ki, #ER, $0K
B X CIEW R, e, M. s
1UFE L UWESRA, Mot X U B
MaistkiRds, BUSSAREENEORELTo 2. ¥
SHRSPIZA DN DI IV AF T - LAKRET
i, R EHAF -Vl A3V AT T
— VRO ME 2 R4k - T, SHRSPO LA T 1
AFu—NLALE T, SRRV EE RIZ
FTUEMEA A & v, ABFENE, FHEMshoMin R
Fa— VA SHRSP OO BS54 5T
BEMECER L, ThEMILIS & LI

5 v PHOMBEEINIE, B E LTRECK
FPEThaZ edn, KEER 28
WA IR E L A

2. ER¥R
1) AFEICHT SRS
ERMMERZALABHOT v Mz, B b4l
ISHRSP (7 MMRH, HEHRFHHY), WKY S
w b {26 A, AEAHHHYY, SHR (26
MM, fKEANH DY, WKYZ v b (13
RSN, AEAFL L™, SHRSP (4:8M%E
N, ALY CTRIEELEE, WY
ROZFES LV RERIIBVTY, HEXRES
NHBIEAMehERo7 (H1BLUES).
SHRSPTH. HIFEAEVRERTEIIRE CEE
52
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150

140 -

130 1

120 -

110 4

i O Soybean oi
100 -

® Canola oil

Systolic blood pressure {mmtq}

123 45 7 10 13
Week of administration
M1 138M10%ATEME L3 EEHESEEE
%iBELL /- Wistar Kyote {(WKY) Sv b3
M EDEE
MEE, BHE1E Tail-cuff 2 CHIEL .
PyHEL D, KEME @, FHEE 3, 4~
EFIOFHS L BN EL T,
s p<0.013 & Uik p<0.001, ATl L 1
BLCEZTEDY unpaired ¢ test;.

BTHLEALND,
2) MAHTEHE
FHMPUNE Y T MR O RS (26 B
HMSHR£ L UWKY 7 v b, 13 HHIINWKY
T by BRUHEPRROEM (26 HEHN
SHR # & 13 AMBIWKY 7 v }) 2EDH 5
NA™T () T hho, FMEMEIIILIN
FEFERE s LB~ ORAII L2
MNBER D, SOEMEIUG I i P IRO BN LA
feMs iz, L, ISHMERWEY S » b O

PTHIVAPTTIRERFZD oM LD o

A THEMEB LU 4ARMRSSHRSPOPT B &
TPAPTTIZI, +hZhEBER D% VIdERM

FHoHh™ (k3. MRBROBENIRE S h

7.

3) MEELFIIHTIER
ZHMBNBHONFRIVAFa— L,
AVAFO—-ABLIUTRY ) L) FREOHIK



RI REHEFEDLEZY b THELAIR(L

T . increase compared with soybean oil group

1, decresse compared with soybean oil group

Animal stysin SHRSP SHR WKY WKY
leeding period (week) 7 26 26 13
NaCl-loading {with/without) with with with without
Body weight 1 -— - —
Food intake - — - -
‘Water intake — — _— -
Blood pressure 1 1 1 1
Urinalysis
Urinary volume - ) (H -
Na® - (N hH —
K - (1) H -
Cr - H H -
Hematology
RBC - - - 1
Hematoerit - — - 1
WBC - - - 1
Neutrophil - 1 - 1
Lymphocyte — — — -y
Platelet - 1 1 !
PT \ 0777777, -
APTT ~ V77777 -
Blood chemistry
BUN - — - -
Glucose - L i i
Tota} cholesterol 1 t t H
Free cholesterol m 1 1 1
Triglyceride 4 T t t
HDL Z 7R t -
Phospholipids t 1 1 1
NEFA - — - {
Na* — — — —_
K- - ) ! }
Cl — — - -
Car il 0
Hepatic enzyme
Geppil e
Catalase W y /////r/ﬁ l
SOD % %%

—*. o differences between canola oil group and soybear oil group

( ), tendency
v 4not measured
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A%, TRINHESHRSP. 26 HH#IMSHR, B&
T26H LU I3 EMBARWKY 7y FCddbh
P2 A h, FHMBUIUL fAE S B TS £ 1
BELIENP O ERS Y ($£3). Th
ik, BREEFRILLTVWHRHETH S SHR
L SHRSPicHBV T, MlEWEAEIREED R
BUEIz o A s,
4) BRI T IEE

R4 26NN L 7:SHRB L UWKY 2
v T, R XCURTORMENnAIED b
Podvl T el e ¢, 13 HMBINLWKY 7
v FTREABED ORG o T (K3 Tk
b, FREIMRTHIBICHLTELVWEEE RIZ
LipnkEZ Shi.
5) MEREGICHT 5L

26 HRM XM MM L2SHRB LU WKY 5
v b OSBRI PO R AR X UH A
R v F AR W TSRS T Bt L - T
i, MM EDRMITLERT (BB o
Fad Dy 2 EReE, TR0/ AR
7)) yERESE L LT T3 Y ERMRK
EBLURERASHEELD VI ER 7Y LIFR
ITE{ERED OB h ", i, 4BMEH
e e L SHRSP MMM T, #< o+
—Faf F 7TV F LI, TIFF
B, ATP. ~>» F&¥ -1, 2 0x¥iony
BITERO bz ) T A MEMREIL S LU
FUAS /A F AFOQARAFH A2V BLIUMD

YERFHLA) OEERBER R R 2.
L7=2%C, WRtEomiFFEty 1023 % iy
ROt AE0ERCLEwEEz bhi L
L. B UL ) - KRBT COMFTERRIE
PEMEBE SN TRELEZE, BXUREXR
RO Na", K -ATPaseifitE L L2 &0
5, 44 EBEOEIZIET Fitho REY
T ¥, BHEANIME BRI U D AR
e B{LhRm Sz,
6) Na', K'~-ATPase &M H LU FMIRBLRER

EhitionTaRE

4 WMo YIS X b SHRSP D&, (LB,
®i%S & CRERARIRIZ ST S Na', K'—ATPase
EMIT RS (R4 LY RnERROZEEET
PEIAETF L2 (2™, 3/, RHEmMeEmLE
SHRSP Tit, szt osisicRb oo
LAFU—AMOBRAFO— ANzt 23Ed
LT L2 (E5Y. Thonl khd, HEMmE
|EL L 72 SHRSP T, #MilEORG{EHEHST
R AWEENHLZE, $ IRIZIEEME
FEUC L DB s h, MREPICER LM
Fa— AR OB RS ET A Z EAREE N,
7) £HEARCHT HIBEE

SHRSP @ 4: ¢ B L, FEMMPEUT X D 8
L7 (E3Y, /. KEHBHORYAFTO—
N (AF4T2AFa—N) PREMPERRIS
ML HRASTEHEM UM & PO L 228 T
i, SS5UEAEFIEPERLE: (). FHM

F4 10%XEHEAGRERE EANERNEOREGU L
B RREEMEERRES v 1 (SHRSP) @

Na*, K*-ATPase &%

Soybcan oil Cancla oil
Brain 639 6.9 N4x 7T
Heart 9.4 84 80.1= 17.5%
Kidney 19.1x 3.0 340x 6.5*
Aorla 7 95.2

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

Values of aorta represent the activities obtained from pooling samples.

*p<c.05, significantly different from the values of soybean oil group

(unpaired £-test)
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100 =
B0 o
0
2 %7
[+]
E
[0
I 40 4
R
20 L
Q Soybean oil
® Canola oil
0
| L) ¥ L} ] “
0.30 Q.35 0.40 0.45 0.50 0.55
“%NaCl
K2 4AHAEAZUERE2ERLABEEGSREEMESRITES v + (SHRSP)
O dntE

AN E 2 EME, EARO 104 2R miEnis L.

MEd FZEOHEIMATRAL, 304MWARML A, L0 8E 22 H, 540nmi
BUAEBEAREL., WAL 0158 % 100%538m E L,

PUAN (T, OKUME @, FMEMAE X, 10MOPEE L USREEL KT,

% p<0.01B LNk p<0.001, XKEMPFLLEEL THESAD Y unpaired t-test!.

®S5 10X ARHEAREERE 4 EANMNENNE L ABESRREENEARRBES v b
(SHRSP) OFEMBESAFO~ILE

Group Cholesterol ~ Brassicasterol ~ Campesterol Stigmasterol ~ f-Sitosterol  Total phytosterol
Soybeanoil  Mean 414 n.d 279 0.255 21% g}
+S.E. 387 0.184 0.0242 0.163 0354
Canola oil Mean 415 0.135 6.4G%%* n.d 3.09%x* 97284
S.E .77 1.0376 0173 0.0899 0.264

Values are means & S. E. (amol/mg ervthrocyte membranes) for 10 animals.
n d,, < 0.1 nmolimg erythrocyle membranes

*#xp<.001, significantly different from the values of the soybean oil group (unpaired £~test)
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WLAF 4 FRAFO—LEEML ZEaThH, #
WL os 0 RO R e L 8 =
O iU, BRMSTOHGR T o~
HEAF A IS 50 RIS S R DA%, KA
WL, LizhoT, £AFHEEmMICE, F
Bl s A AT e — VNS 50 Tidd
{, HitgAF o —LOREFMETLIEELLSR
7.

3. EBLEED

SHRSP I EMmAH—ORIIEL UTHE X
¥HEAONLAHROME T, FMMrb»
HARICER AT N MM AT a— VORI S
FTLIEPWELENIR o7, Na', K'-ATPaseif
HOBMRASN-Z e D, ABERICHE R
FO—-VAEHRT LI IS - CHBh OB
SR BTEDLF P T LR THET ST
Zelfemi s he, MR AFo—vid, SUREMR
BhovAFo— A BRTEEICL T
HEORSHENICER LR AL LR, KoL A
F o= VAT 5H E, AROFREGRFEORIE
AEVEREINZ L ARSI N TS,
ok BRI, WERIIoHL TS
L HMETLWEEMNEL o/, SHRSPT

REPAFO—AORRITHEL, JEIEFET
LTwaz, HifA7Fo— Al Elish
PFWIERBREERTVEY®, Ld-T,
ORBOBHIEROMPATI—-LEESHTS
FHMLAR S YL X, FAORWAFu— ik
ARSI AL ELONL, T, R
Bz k> TAS RGP R L Ao a2,
mismRsiREd s bbb/, IR0
72X 912, Na~, K -ATPaseifith oo bR, Auiik
BUREESE, IMPAEHB M OESS LT o
B, 7yu—LBEESLLEEE diis
SUMPBER NS T8 ELLRS. £
Ziphit, BRHOWHWMAFu-LOEREEZD
. EROBLEZMETEFNBROEARE D26
TIEBRHLPIIE S T
FIREOFHEP S, HPAT T — VIR
Mz X 2 SHRSPOFEM{LICHAL 2 KRG EO -
OTHDH T EARMERS, HE WIVAFH
— L WdER B CHNT, Mmoo BIdERsh
Tidvsas, bR AFT—A Lo B
Y HEEORE{LE0EENe P TLED LR
LV ERIIERS v, BekTiR. 7 Fu— A MEBR
BLEORIEE THT2 B8 C, Mg
L A5 v — b OFERLE 3 D fogiseahasE |

100 - o+
O Soybean oil
-‘.’\3 80 ® Canolaoi
&
T €0
©
£ 40
Fas
3
@ 20
o
[y Py T yn—— T 1
0 40 50 60 70 80 o0

Day of administration

M3 10%ATHEARTHEASERELENL EREGZRESD
ERMRIES v b (SHRSP) D&fraaR

B, 1%ANEKEHKE LTHARRRLELL,

DBIU@E. FRLTRAVMEEDL JUERNEE LT, BRI

HEHY p<0.05. Log-rank test, Tarone-Ware test,.
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0
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Day of administration
H4 10XKEREEEYRAFO-ATENI0SEERSHEMEEANL -
BHELZRESNTERRET v b (SHRSP) O&7rehis
Bricid, 19 REAERRE LCHHBILE ¥,
CHIU®R, FACNI0LERNRBI IR Y4 XA F T LiRIN10%
FAEME 2 R, PRI EES S (p<0.05, Log-rank test. Tarone-
Ware test: . ’

Intake of excessive phytosterol

Na', K *ATPase Ervth
activity rythrocyte

Hypertension

[ Hemorrhage J [ Thrombosis J[ Atherogenesis ]

Shortening of life span in SHRSP

Platelet Blood coagulation Blood lipid level

Facilitation
Fraglle other

cel  pece-fes—ccccccaana
membranes?
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