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Punicic acid, one of the conjugated linolenic acid (CLN) isomers, exerts a body-fat reducing effect.
Although punicic acid is found in pomegranate and Tricosanthes Kirilowii seeds, the amount of this
fatty acid is very low in nature. The goal of this study was to produce a transgenic oil containing
punicic acid. A cDNA encoding conjugase that converts linoleic acid to punicic acid was isolated
from T. kirilowii, and the plant expression vector, pKN-TkFac, was generated. The pKN-TkFac was
introduced into Brassica napus by Agrobacterium-mediated transformation. As a result, a genetically
modified rapeseed oil (GMRO) containing punicic acid was obtained, although its proportion to the
total fatty acids was very low (approximately 2.5%). The effects of feeding GMRO in ICR CD-1 male
mice were then examined. Wild-type rapeseed (B. napus) oil (RSO) containing no CLN was used as
a control oil. For reference oils, RSO-based blended oils were prepared by mixing with different levels
of pomegranate oil (PO), either 2.5% (RSO + PO) or 5.0% (RSO + 2PO) punicic acid. Mice were
fed purified diets containing 10% of either RSO, RSO + PO, RSO + 2P0, or GMRO for 4 weeks,
and dietary PO dose-dependently reduced perirenal adipose tissue weight with a significant difference
between the RSO group and the RSO + 2PO group. GMRO, as compared to RSO, lowered the
adipose tissue weight to the levels observed with RSO + 2PO. The liver triglyceride level of the RSO
+ 2PO and GMRO groups but not that of the RSO + PO group was lower than that of the RSO
group. The RSO + 2P0 and GMRO groups, but not the RSO + PO group, had increased carnitine-
palmitoyltransferase activity in the liver and brown adipose tissue. These results showed that dietary
GMRO, even at a dietary punicic acid level as low as 0.25 wt % of diet, reduced body fat mass and
altered liver lipid metabolism in mice and was more effective than an equal amount of punicic acid
from PO.
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INTRODUCTION acids are conjugated linoleic acid (CLA) and conjugated

Conjugated fatty acid is a collective term for those fatty acids inelenic acid (CLN). CLA has been shown to exhibit various
that contain conjugated double bonds with multiple positional Physiological functions (12). Among them, the body fat

and geometric isomers. The most representative conjugated fattyeducing effect attracts attention in terms of the evidence in
humans, although results were not always unequivdabj.

* Author to whom correspondence should be addressed (telephone/fax\We previously demonstrated that the body fat reducing effect

+8Tlégi)e5t->%lld3€r%i%/5e;r ;imgj" ngbggiiun-ac-ip)- of dietary CLN was at least comparable to or even stronger
 Tamagawa Univey,sity. g ’ than that of CLA in rats{). Because CLN used in the study
i'\F’Aritegegga?lKL;ni;/Ersg)ilo?é :fnlfg?rrgé%ratories e was prepared by alkaline isomerization and consisted of a
I Tokyuo Institutg ofuTechnology. : number of CLN isomers, it was difficult to draw any conclusion
U Kyushu University. with respect to the active component(s). For CLA the physi-
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ological functions differ among the isomers, and 10t,12¢-18:2 Tapje 1. Fatty Acid Composition of Dietary Fats
primarily exerts a reduction of body fat mass (1). In nature,

there are several CLN isomers in specific plant seed oils as one dietary fat® (% weight)

of the major fatty acids. Bitter gourdMlomordica charantia) fatty acid RSO RSO + PO RSO +2PO GMRO
oil containsa-eleostearic acid (9¢,11t,13t-18:3), pomegranate ~ 5 41 41 20 50
(Punica granatum) oil contains punicic acid (9¢,11t,13c-18:3), 180 15 15 15 17
catalpa (Catalpa ovata) oil contains catalpic acid (9t,11t,13c- 18:1n-9 62.5 60.8 59.0 68.4
18:3), and pot marigoldQ@alendula officinali} oil contains 12%2:2 18-2 18-2 12-‘2‘ 12-3
calendic acid (8t,10t,12(_:—18:3) (8). Recently, we an_d other_s_ 90 11t 13¢-18:3 0.0 25 50 25
have reported that feeding of pomegranate seed oil containing 290 05 05 05 0.7
punicic acid reduced the adipose tissue weight in rHis11), 20:1 12 12 12 13

suggesting a possible role of punicic acid in the reduction of

body fat mass. Although punicic acid is also known to be found RSO, untransformed rapeseed oil; PO, pomegranate seed oil; GMRO,

abundantly [40% (w/w)] inTricosanthes kirilowiseeds as well ~ genetically modified rapeseed oil

as pomegranate seed2], the availability of these oils is very

limited. approved by Siebold University of Nagasaki. GMRO was used as an
With current gene recombination technology, it is possible €xPerimental oil, and RSO was used as control oil. For reference,

to produce a genetically modified plant accumulating specific pomegranate seed oil (PO), containing approximately 80% of punicic

fatt ids. R tl di th . th tacid, was added to RSO in order that the proportion of punicic acid in
ally acids. ecently, a gene encoding heé conugase thalpgy pecame equal to that of punicic acid in GMRO (R$CPO;

converts linoleic acid to punicic acid has been cloned from rgo/po=32.5:1, by weight) or became double that of punicic acid

pomegranate and. kirilowii (12, 13), and a production of i3 GMRO (RSO+ 2PO; RSO/PG= 15.5:1, by weight). The fatty acid
transgenicArabidopsisaccumulating punicic acid in the seed profiles of these oils are shown Fable 1.

has been established?). In the present study, we tried to Twenty-four male ICR CD-1 mice (6 weeks old) purchased from
introduce a conjugase gene isolated frdm kirilowii into Cle.anpan Inc. (Tokyo, Jgpan) were.acclimatized for5gays in a room
Brassica napusy using anAgrobacterium-mediated transfor- maintained at 2423 °C with a 12 h light/dark cycle. Animals were
mation method and succeeded in producing a genetically "andomly assigned to four groups of six animals each according to the
modified rapeseed accumulating punicic acid, although its €XPerimental oils: RSO, RS® PO, RSO+ 2PO, and GMRO. Diets

proportion to the total fatty acids was very low, approximately were prepared according to the AIN-93G formul®) and contained

" 2 (by weight percent) casein, 20; experimental fat, 10; cornstarch, 36.7;
0,
2.5%. To evaluate the nutritional effects of the transgenic dextrinized cornstarch, 13.2; sucrose, 10; cellulose, 5; mineral mixture

rape.see.d qil, we compared in mice the physiollogical activities (AIN-93G-MX), 3.5; vitamin mixture (AIN-93-VX), 11L-cystine, 0.3;
of this oil with that of untransformed rapeseed oil supplemented choline bitartrate, 0.25; anirt-butylhydroguinone, 0.0014. Animals

with pomegranate seed oil containing punicic acid. were maintained on their respective diets ad libitum for 4 weeks. During
the feeding period, body weight and food consumption were recorded

MATERIALS AND METHODS every other day. After 4 weeks of feeding, mice in the fed state were
anesthetized by intraperitoneal injection of pentobarbital sodium (0.05

Production of Transgenic Rapeseed Accumulating Punicic Acid. mg/g of body weight) (Nembutal, Dainippon Sumitomo Pharma, Osaka,

We isolated a cDNA, TkFac, which encodes a conjugase associatedjapan), and blood was collected from the abdominal vena cava. Serum
with the formation ofransA11cis-A13 double bonds in the conjugated  \as separated by centrifugation. The liver and other tissues including

linolenic acid, punicic acid, fronT. kirilowii. Detailed procedures for  perirenal and epididymal white adipose tissues and interscapular brown
TkFac cDNA isolation and generation of the plant expression vector, adipose tissue (BAT) were excised and weighed.

pKN-TkFac, were described by Iwabuchi et dl2f. The TkFac gene Serum Concentration of Lipids, Adipocytokine, Insulin, and Glucose.

was ligated downstream of a strong seed-specific promoter from the serum total cholesterol, phospholipid, triglyceride, free fatty acid, and

B. napusnapin gene in the plant expression vector, pKN-TkFac. thiobarbituric acid reactive substances (TBARS) were measured using
We introduced pKN-TkFac int®. napuscv. Westar byAgrobac- commercial assay kits (Cholesterol Cll-, Phospholipid B-, Triglyceride

terium-mediated transformation, and the presence of the gene inG-, NEFA- and lipid peroxide-tests, Wako Pure Chemical Industries,
regenerated plantlets was examined by PCR analysis. The detailedosaka, Japan).

procedure for transformation d. napus(rapeseed) was described The serum concentrations of leptin, adiponectin, and insulin were
previously (14). As a result, 11 PCR positive plants were obtained and measured by enzyme-linked immunosorbent assay using a commercial
grown in a growth chamber for harvest of the seeds. kit [Mouse Leptin ELISA kit, Morinaga Institute of Biological Science,

Preparation of Transformed and Untransformed Rapeseed Oils Yokohama, Japan, Mouse/Rat Adiponectin ELISA kit, Otsuka Phar-
and Their Fatty Acid Profiles. T, generations of the transformed  maceutical Co., Tokyo, Japan, and Mouse Insulin ELISA kit (TMB),
rapeseed line accumulating punicic acid and untransformed rapeseedshibayagi Co. Ltd., Gunma, Japan]. The serum concentration of glucose
(B. napuscv. Westar) were grown in a growth chamber at 23/C8 was measured using a commercial kit (Glucose C-II test Wako, Wako
day/night and 18 h light/6 h dark cycle. The harvested seeds of both Pure Chemical Industries).
transformed and untransformed rapeseed were ground with a Waring  Liver Lipid Analysis.Total liver lipids were extracted according to
blender, and the total lipid was extracted overnight with hexane. Hexane the method of Folch et al16). The concentrations of liver cholesterol,
was removed completely from the total lipid extract by rotary phospholipid, and triglyceride were measured according to the methods
evaporator. The residues originated from transformed and untransformedof Ide et al. (17), Rouser et al. (18), and Fletcher (19), respectively.
rapeseed, named as genetically modified rapeseed oil (GMRO) and For the analysis of fatty acid profiles, total phospholipid and
wild-type rapeseed oil (RSO), respectively, were used for a feeding triglyceride fractions were separated from other lipid fractions by thin-

study. layer chromatography using hexane/dimethyl ether/acetic acid (70:30:
For analysis of the fatty acid profile, the lipids were methylated with 1, by volume) as the developing solvent. Each lipid fraction was then

0.5 M sodium methoxide in methanol (Sigma-Aldrich Inc.) at°&D methylated with 0.5 M sodium methoxide in methanol, and the fatty

for 1 h and were analyzed by gas chromatography (GC; Shimadzu acid profile was analyzed by GC (12).

GA18A) equipped with a TC-70 capillary column (60 x0.25 mm: Preparation of Hepatic Subcellular Fractiond. sample of freshly

0.25um coating thickness; GL Science) (12). excised liver was homogenized in 7 volumes of 10 mM Tris-HCI buffer

Animal Feeding Study.Animals and DietsThe feeding study was containing 0.25 M sucrose and 1 mM EDTA. The homogenate was
conducted in accordance with the Guidelines for Animal Experiments centrifuged at 100§ for 10 min at 4 °C. The supernatant was
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Figure 1. Gas chromatographic analysis of the fatty acid composition of
total lipids from the mature T2 seeds: (A) untransformed rapeseed; (B)
transformed rapeseed. *, unknown peak.

centrifuged at 16000dor 20 min to sediment mitochondria/peroxi-
somes. The pellet was suspended in the 10 mM Tris-HCI buffer. The
resulting supernatant was ultracentrifuged at 12§0@d 60 min to
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Body Weight Gain, Food Intake, and Tissue WeightsMice
were fed the purified diets containing 10% dietary fat, either
RSO, RSO+ PO, RSO+ 2P0, or GMRO for 4 weeks. During
the feeding period, food intake and final body weight were not
affected by the difference of dietary faigble 2).

Supplementation of PO to the RSO diet reduced dose-
dependently the relative weight of perirenal adipose tissue. The
same trend was observed in the epididymal adipose tissue
weight. As compared with the RSO diet, the GMRO diet also
significantly reduced the perirenal and epididymal adipose tissue
weights to an extent that was comparable with or even lighter
than that of the RSGF 2PO group Table 2). On the other
hand, dietary fat did not affect the relative weight of BAT. No
effects were observed in relative weights of other tissues,
including liver (Table 2).

Serum and Liver Lipid Concentrations. The concentrations
of serum cholesterol, phospholipid, triglyceride, and free fatty
acid were comparable among the groupalle 3). Concentra-
tions of TBARS in mice fed the RSCG- 2PO diet were
significantly higher than in those fed the other diets.

Supplementation of PO to the RSO diet to the 0.5% level of
punicic acid (the RSG- 2PO diet) but not to the 0.25% level
of punicic acid (the RSOt PO diet) significantly decreased
the liver triglyceride concentratiom &ble 3). The GMRO diet,
containing 0.25% punicic acid, also significantly decreased the

sediment microsomes, and the supernatant was used as cytosol fractiorconcentration in comparison with the RSO diet. The concentra-

The microsomal pellet was resuspended in the 10 mM Tris-HCI buffer
and stored at-80 °C until used.
Measurement of Enzyme Activitiddepatic fatty acid3-oxidation

activity was measured in both mitochondria and peroxisomes. As an

index of mitochondria3-oxidation, the activity of carnitine-palmitoyl-

transferase (CPT) was measured spectrophotometrically according to;

the method of Lieber et al2Q). Peroxisomal3-oxidation was also

tions of liver cholesterol and phospholipid were not affected
by the type of dietary fats.

Fatty Acid Profiles of Liver Lipids. The fatty acid profile
of liver phospholipids is shown iffable 4. Supplementation
of PO containing punicic acid to the RSO diet dose-dependently
increased not only the proportion of 9¢,11t,13c-CLN but also

measured spectrophotometrically according to the method of Lazarow that of 9¢,11t-CLA. However, dietary PO did not affect the

(21). The lipogenic enzyme activities were measured in liver cytosol
and microsomes. The cytosolic activities of malic enzyme, glucose-6-

proportion of nonconjugated fatty acids. As compared with the
RSO diet, feeding of the GMRO diet significantly increased

phosphate dehydrogenase (G6PDH), and fatty acid synthase (FAS) werghe proportions of 9c,11t,13¢c-CLN and 9c,11t-CLA. The
measured spectrophotometrically according to the methods of Ochoamgagnitude of the increase was comparable to that observed with

(22), Kelley and KletzienZ3), and Kelley et al.24), respectively.
The microsomal activity of phosphatidic acid phosphohydrolase (PAP)
was measured according to the method of Surette e2%). The CPT
activity was also measured in BAT. The protein concentrations were
measured according to the method of Lowry et 26)(

Statistical AnalysisResults were expressed as mearSEM. All
data were analyzed by the one-way ANOVA followed by the Tukey
Kramer test to determine the dietary fat dependent difference. All

analyses were performed by SuperANOVA software (Abacus Concepts,

Berkeley, CA).

RESULTS
Fatty Acid Profiles of Transformed and Untransformed

the RSO+ 2PO diet. Also, the GMRO diet significantly
increased the proportions of 18:1 and 20:4n-6 at the expense
of other major fatty acids. The increase in 20:4n-6 was more
marked with the GMRO group than with two PO-added groups.
As a result, the ratio of 18:1/18:0,9 desaturation index, was
significantly higher in mice fed the GMRO diet than in those
fed the other three diets. The ratio of (20:3r-620:4n-6)/18:
2n-6, aA6 desaturation index, also was significantly higher in
mice fed the GMRO diet than in those fed the RSO and RSO
+ 2PO diets.

The fatty acid profile of liver triglyceride is shown ifable
5. Supplementation of PO to the RSO diet again dose-

Rapeseed OilWe measured the fatty acid composition of the dependently increased the proportions of 9¢,11t,13c-CLN and
mature seeds of the transformed and untransformed rapeseed®C,11t-CLA. The GMRO diet also increased the proportion of
Although there were no other differences in the fatty acid these conjugated fatty acids, and the magnitude of the increase
composition of the seeds between untransformed and trans-was intermediate to those of the two PO-added groups. Adding
formed plants, a peak of fatty acid methyl esters, which was PO to the RSO diet increased the proportion of n-3 polyun-
not present in seeds from untransformed plants, was found insaturated fatty acids, whereas the GMRO diet decreased the
seeds from transformed plan&igure 1). The peak displayed ~ proportions of 18:2n-6 and 18:3n-3. The proportion of 18:1
a GC retention time identical to that of the methyl estecisf tended to decrease with dietary PO, although this trend was
9,trans-11,cis-13-18:3, punicic acid, RPunica granatunseed not statistically significant, but it was not affected by dietary
(12). Then, we multiplied the transgenic and untransformed GMRO. Because the proportion of 18:0 was comparable among
seeds and extracted total lipids for feeding experiment from T3 the groups, the\9 desaturation index of RS® PO and RSO
seeds (set seeds in T2 plants). Fatty acid profiles of the oils are™ 2PO groups, but not the GMRO group, tended to be lower
shown in Table 1. The proportion of punicic acid in the than that of RSO.

transgenic seeds (GMRO) was 2.5% (by weight), whereas it Lipogenic Enzyme andf-Oxidation Activities. As shown

was undetectable in the untransformed rapeseed (RSO). in Table 6, neither dietary supplementation of PO to the RSO
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Table 2. Effect of Genetically Modified Rapeseed Oil Containing Punicic Acid on Body Weight, Food Intake, and Tissue Weights in Mice

experimental group?

growth parameter and tissue weight RSO RSO + PO RSO + 2P0 GMRO
body weight (g)
initial 30.1£05 30.1£05 30.0+0.6 30.0£05
final 383+12 384+1.6 385+16 37.8+15
food intake (g/day) 539+0.25 5.42+0.22 5.07+0.11 5.36 £ 0.07
tissue weights (g/100 g of body weight)
white adipose tissue
perirenal 0.94+0.09a 0.83+0.09 ab 0.66 +0.06 b 0.61+0.07b
epididymal 279+0.34a 2.63+0.28a 227+0.22ab 1.89+0.17b
brown adipose tissue 0.65+0.12 0.60 £0.09 0.72+0.10 0.69 £ 0.06
liver 5.33+0.17 516 £0.11 512+0.14 5.34+0.22
kidney 1.79+0.12 1.64 +0.08 1.69 +0.06 1.69 +0.05
spleen 0.34+0.02 0.33+0.03 0.32+0.02 0.34+0.02
heart 0.49 £0.03 0.48 £0.02 0.46 + 0.01 0.46 £0.01
lung 0.44 £0.02 0.44 £0.02 0.45 +0.02 0.47 £0.02

2RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified rapeseed oil. All data are expressed as means + SEM of five or six mice. Values not
sharing a common letter are significantly different at p < 0.05.

Table 3. Effect of Genetically Modified Rapeseed Oil Containing
Punicic Acid on Serum and Liver Lipid Concentrations

Table 5. Effect of Genetically Modified Rapeseed Oil Containing
Punicic Acid on Fatty Acid Profile in Liver Triglyceride

experimental group?

experimental group? (weight %)

serum and liver lipid RSO RSO+PO RSO +2PO GMRO fatty acid RSO RSO+PO RSO+2PO GMRO

serum lipids (mmol/L) 16:0 250%19 263+13 248+13 28314
cholesterol 3.07+£0.17 2994015 3.34+034 3.50+0.28 16:1 19+03 17+£01 19+01 1.9+0.2
phospholipid 313+£0.13 314+014 323+0.26 359+0.24 18:0 17+£02 20+0.1 15+£01 1.7+£02
triglyceride 112+010 119+020 143+022 125+0.15 18:1 474+20 441+0.8 423+22 480+3.1
free fatty acid 1.03+£0.07 103+010 122+0.11 1.11+0.09 18:2n-6 142+12a 124+13ab 140x15a 99+12b
TBARSY (x107%) 7.84+125a 8.95+063a 149+3.1b 849+08la 18:3n-3 27+04a 22+03a 25+03a 07+0.1b

liver lipids («mol/g) 20:4n-6 04+0.1 04+0.1 05+0.0 06+0.1
cholesterol 6.07£028 576+026 568+039 6.07+041 20:5n-3 04+00a 05%0.1a 0.7+00h 03+0.l1a
phospholipid 30713 324+07 326+14 317%12 22:5n-6 08+0.2a 05+01ab 08%0.la 03+0.1b
triglyceride 253+28a 252+12ab 171+17c 192+18hc 22:6n-3 12+01ab 1.7+03bc 20+02c 08+02a

2RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified
rapeseed oil. All data are expressed as means + SEM of five or six mice. Values
not sharing a common letter are significantly different at p < 0.05. ® TBARS,
thiobarbituric acid reactive substances.

Table 4. Effect of Genetically Modified Rapeseed Oil Containing
Punicic Acid on Fatty Acid Profile in Liver Phospholipid

experimental group? (weight %)

fatty acid RSO RSO + PO RSO + 2P0 GMRO
16:0 341+08 308+17 311+13 31.1+£06
18:0 176 £0.9 17.7+21 155+14 154+04
18:1 94+04a 95+09a 93+05a 121+04Db
18:2n-6 129+05 133+11 13.2+0.7 11.3+0.4
20:3n-6 18+0.1 20+0.2 18+0.2 21+01
20:4n-6 89+03a 115+08¢c 100+06ac 132%05b
20:5n-3 16+01a 18+0.1a 15+02a 06+0.1b
22:6n-3 10.0+0.4 10.7+0.8 10.3+0.7 10.4+0.4
9c,11t-18:2 000+£0.00a 0.12+003b 0.34x008c 030+0.03c
9c,11t,13c-18:3 0.00+£0.00a 0.05+0.02b 0.12+0.01c 0.09+0.01d
A9 DIP 055+012a 055+020a 058+014a 0.78+0.10b
A6 DI 083+006a 105+025ab 0.76+0.35a 1.36+0.22b

2RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified
rapeseed oil. All data are expressed as means + SEM of five or six mice. Values
not sharing a common letter are significantly different at p < 0.05. ? DI, desaturation
index; A9 DI, 18:1/18:0; A6 DI, (20:3n-6 + 20:4n-6)/18:2n-6.

9c,11t-18:2 002+00la 058+004b 173+0.11c 095+0.08d
9c,11t,13¢c-18:3 0.02+0.01a 0.43+0.02b 0.89+0.07c 047+0.06b

A9 DIP 319+49 22.7+09 26.1+16 309+3.6
A6DI(x107%) 058+0.05a 0.63+006a 067+04la 0.94+0.09b

2RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified
rapeseed oil. All data are expressed as means + SEM of five or six mice. Values
not sharing a common letter are significantly different at p < 0.05. 2 DI, desaturation
index; A9 DI, 18:1/18:0; A6 DI, (20:3n-6 + 20:4n-6)/18:2n-6.

and peroxisomes. Supplementation of PO to the RSO diet dose-
dependently increased the CPT activity, a key enzyme in the
fatty acid g-oxidation pathway in mitochondria, and it was
significantly higher in mice fed the RS@ 2PO diet than in
those fed the RSO diet. CPT activity of the GMRO group was
also significantly higher than that of the RSO group and was
comparable to that of the RS®2PO group. On the other hand,

no significant differences were observed in hepatic peroxisomal
pB-oxidation among the groups.

CPT activity was also measured using the BAT homogenate.
As shown inTable 6, supplementation of PO to the RSO diet
dose-dependently increased the CPT activity in BAT, and the
difference of the activity was significant between the RSO
2P0 group and the RSO group. The GMRO diet as compared
to the RSO diet significantly increased the CPT activity to the
level observed with the RS&® 2PO diet.

Serum Concentration of Adipocytokines, Insulin, and

diets nor dietary GMRO affected the activity of hepatic lipogenic Glucose.As shown inTable 7, serum concentrations of leptin
enzymes, cytosolic malic enzyme, G6PDH, FAS, and microso- were not affected by adding PO to the RSO diet. Although serum

mal PAP.

leptin concentrations tended to be lower in mice fed the GMRO

The 8-oxidation activity was examined in liver mitochondria diet than in those fed the RSO diet, the difference was not
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Table 6. Effect of Genetically Modified Rapeseed Oil Containing Punicic Acid on Hepatic Lipogenic Enzyme and S-Oxidation Activities and Brown
Adipose Tissue /3-Oxidation Activity

experimental group?

enzyme activity RSO RSO + PO RSO + 2P0 GMRO

liver lipogenic enzyme? (nmol/min/mg of protein)

ME 60.8 +6.5 79.8 +£10.0 59.7+52 67.5+5.1

G6PDH 145+17 13405 122+09 126+06

FAS 15.7+0.9 165+ 2.6 139+21 176+14

PAP 182+16 203+2.0 16.4+0.7 186+1.2
liver 5-oxidation activity (nmol/min/mg of protein)

mitochondrial (CPT¢) 13.3+09a 155+ 1.3ab 185+15b 17.4+0.5b

peroxisomal 576+4.7 59.9+11.7 65.2+54 619+7.6
brown adipose enzyme activity (nmol/min/mg of protein)

CPT 0.69+0.04a 0.79+0.12 ab 0.85+0.07b 098+0.15b

4RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified rapeseed oil. All data are expressed as means = SEM of five or six mice. Values not
sharing a common letter are significantly different at p < 0.05. » ME, cytosolic malic enzyme; FAS; cytosolic fatty acid synthase; G6PDH, cytosolic glucose-6-phosphate
dehydrogenase; PAP, microsomal phosphatidic acid phosphohydrolase. ¢ CPT, carnitine-palmitoyltransferase.

Table 7. Effect of Genetically Modified Rapeseed Oil Containing (10). On the other hand, Yamasaki et al. recently showed that
Punicic Acid on Serum Adipocytokine, Insulin, and Glucose feeding diets supplemented with pomegranate seed oil (0.1 and
Concentrations 1.0% as punicic acid) did not exhibit significant effects on the

perirenal and epididymal adipose tissue weight in male C57BL/

experimental group 6N mice (27). The discrepancy between the findings reported

RSO RSO+PO RSO+2PO  GMRO by Yamasaki et al. and ours could be due to the difference in
leptin (ng/mL) 700+£231 688+212 7.03+157 479+054 the diet composition. In the present study, we fed mice using
adiponectin (ug/mt)  11.6+£20  9.84+098 115+12  9.32+0.88 rapeseed oil-based diets supplemented with PO for 4 weeks,
insulin (ng/mL) 1154030 148+024 138+026 101+0.14

whereas Yamasaki et al. gave soybean oil-based diets supple-
mented with pomegranate seed oil for 3 weeks. Taking these
2RSO0, rapeseed oil; PO, pomegranate seed oil; GMRO, genetically modified observations tOgethe_r' the more S_atura_lted rape_see_:(_ll oil-based diet
rapeseed oil. All data are expressed as means + SEM of four to six rats. and 4 weeks of feeding period might induce significant effects
of dietary punicic acid on adipose tissue weights, although the
statistically significant. Serum adiponectin concentrations were dietary level of punicic acid was low in our study. Also, the
not affected by the difference of dietary fat. Both serum insulin discrepancy could be due to the difference in the animal strain;
and glucose concentrations were comparable among the ex/{CR-CD 1 was used in this study, whereas C57BL/6N was used

glucose (mg/mL) 245+018 307027 285+024 279+0.12

perimental groups. in their study. Because the C57BL/6J strain was suggested to
develop obesity, hyperinsulinemia, and hyperglycemia when the
DISCUSSION animals were allowed free access to a high-fat dig),(

In the present study, we produced transgenic rapeseedsuppression of accumulating body fat mass by feeding of PO
containing punicic acid and evaluated the nutritional effect of might be_less effeCt'.V? n CS_7B.L./GN' In the present SIUd_V’ the

the transgenic rapeseed oil through a feeding study in mice.G'\/IRo.d'.(at also exhlblted g&gmﬁcqnt reduction of the pe_rlrenal

Results inFigure 1 indicate that transformed rapeseed, but not g]nd ep'ldrl](:ymjtl ai@pose tissue Welglhts,.g]nd the magnltu?ﬁ of
a wild-type plant, can synthesize one particular fatty acid, which thgtvc\)lﬁlsgervgczj vL\j/i(;i:OtzeWIgg Ggong%a:d?etewmlichocroi\t/:izerg(;\r/veice an
exhibits a GC retention time identical to that cit-9trans as much punicic acid as the GMRO didable 2). Therefore,

11,cis-13-CLN, punicic acid. In our previous observations with I .
transgenicArabidopsiscarrying pKN-TkFac, accumulation of .the finding suggests that the body fé?t _reduqng effect of GMRO
is more effective than that of punicic acid in PO. It seems

unicic acid in the seeds was confirmed by GC-MS analysis g . . . o
b y ¥ plausible that the difference in the fatty acid composition of

(12). Then, we concluded that punicic acid was produced and . ) .
accumulated in the seed Bt napus. Although the proportion e dietary dfats may modify the body fat lowering effect of
punicic acid.

of the punicic acid was very low at approximately 2.5%, we
examined whether dietary GMRO affects body fat mass and Dietary punicic acid was less effective on the serum lipid
lipid metabolism in mice. For this purpose, the effect of GMRO concentrations, except TBARS level in the present study. The
was compared with that of RSO supplemented with PO serum TBARS level exhibited a dose-dependent increase, and
containing punicic acid in the present study. the difference between the RSO group and the RS@PO
After 4 weeks of feeding, supplementation of PO into the group was statistically significanp(< 0.05). This could be
RSO diet dose-dependently decreased the perirenal adiposélue to a lower oxidation stability of conjugated fatty acigi8)(
tissue weight, and the tissue weight difference between the RSOHowever, as far as the dietary level of punicic acid was 0.25%
group and the RSG- 2PO group was statistically significant (RSO+ PO and GMRO), an increase of TBARS level was not
(p < 0.05). This trend also was observed in the epididymal statistically significant, irrespective of the source of punicic acid,
adipose tissue weight. The results were consistent with our PO, or GMRO. On the other hand, serum triglyceride concen-
earlier findings in rats {1). Also, Arao et al. conducted a 2 trations slightly increased with PO supplementation, although
week feeding study in the Otsuk&ong-Evans Tokushima Fatty  the effects were not significant enough. Dietary GMRO did not
(OLETF) rats and reported that 5% supplementation of pome- affect serum triglyceride concentrations either. The study of
granate seed oil, but not 2% supplementation, to the diet Yamasaki et al. cited above showed that dietary pomegranate
significantly reduced omental adipose tissue weight (by 27%) seed oil (0.1 and 1% as punicic acid) significantly increased
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serum triglyceride concentration in C57BL/6N mic&7]. In groups. These results at least indicated that dietary punicic acid
rats, on the other hand, the serum triglyceride concentrationsin PO and GMRO was absorbed, incorporated, and metabolized
were not statistically affected by feeding of pomegranate seedin mice.

oil (10, 11), whereas they increased when the rats were fed with It has been recognized that monounsaturated fatty acid, such
CLN prepared by alkaline isomerization containing various as 18:1n-9, is a major fatty acid form in adipose tissues (27,
isomers of conjugated dienes and trien@s Therefore, the 33). Conversion of 18:0 to 18:1n-A9 desaturation, is therefore
effect of dietary punicic acid on serum triglyceride concentration considered to be implicated in various diseases including obesity

seems unequivocal, possibly depending on experimental pro-(34 35). In the present study, the ratio of 18:1n-9/1848
tocols such as diet composition, feeding period, and animal desaturation index of liver triglyceride, tended to be decreased

species and strains. by dietary PO. The result was not inconsistent with a previous
Rather ity punicc i afeied e igerice con. E29ET WP e et ety puncic sci sty
centrations in the present study. Th_e concentration was 5|gr?|f_|- The decrease @f9-desaturase activity, stearoyl-CoA desaturase,
ca_ntly decreased F’y supplementation of _PO (0.5% as punicic, 55 550 reported in mouse liver microsomes incubated with
acid) to the RSO dief( = 0.05). Because dietary supplementa- 10t 15¢.CLA, which is known as an active CLA isomer of
tion of PO to the RSO diet dose-dependently increased the yptiohese effectdg). In the present study, dietary GMRO did
activity of CPT in hepatic mitochondria and BAT homogenates, not affect theA9 desaturation index in liver triglyceride. The
the increase of fatty acif-oxidation could be at least a possible  proportions of several polyunsaturated fatty acids, 18:2n-6, 18:
factor of the reduction of liver triglyceride concentration. An 3n-3, and 22:5n-6, were Significanﬂy decreased by feeding of
increase in the hepatjé-oxidation activity by dietary pome-  the GMRO diet p < 0.05). Because the concentration of liver
granate seed oil or synthetic CLN also was observed in our triglyceride was significantly decreased by dietary GMRD (
previous study, although the response to liver triglyceride < 0.05), it seems likely that the amounts of these fatty acids
concentration was not necessarily the samell). Although were low in mice fed GMRO. The results suggested that the
dietary PO did not affect the activity of liver microsomal PAP  effect of punicic acid on fatty acid composition observed with
in the present study, Arao et al. showed in in vitro study that GMRO was at least not necessarily the same as that with punicic
incubation of human hepatoma HepG2 cells with punicic acid acid in PO.
significantly reduced apoB 100 secretion and triglyceride It has been established that adipocytokines, such as leptin
synthesis from [4C]oleate (30). All of these findings support ~and adiponectin, secreted from adipocytes can modulate the
the decrease in the concentration of liver triglyceride. In our @mount of adipose tissue (338). Therefore, serum concentra-
study, dietary GMRO also affected liver triglyceride concentra- tions of these adipocytokines were measured. Although supple-
tion and hepatic enzyme activities in the same manner as dietarymentation of PO to the RSO diet did not affect the serum leptin
PO. Also, the liver triglyceride concentration and hepatic CPT concentration, the GMRO diet tended to decrease it (by 32%).
activity in the GMRO group were comparable to those of the The decreasing trend of serum leptin concentration in the GMRO
RSO + 2PO group. Besides, the activity of CPT in brown group could be the result of reduced white adipose tissue weights

adipose tissue tended to be higher in the GMRO group than in in the present study (7). . . .
the RSO+ 2PO group. Therefore, it was suggested that the | It Was.demonstrated that.dletgry CLA is far more effective
magnitude of the effects of punicic acid as GMRO were greater In _reducmg body fat Mass in mice as C(_)mpared to ra.(
than those of the same amount of punicic acid as PO. It is notThls effect accompanied a drastic reduction of both the serum
clear why punicic acid as GMRO exhibited more poten.t effects concentration of leptin and adiponectin in mict(41) and

on body fat mass and liver lipid metabolism. However, in our induced lipodystrophy characterized by insulin resistad; (

- . . ) . 43). In the present study, however, serum leptin and adiponectin
preliminary analysis, punicic acid was not detected atall in the ¢, centrations did not significantly change, and serum insulin
free fatty acid fraction after hydrolysis of GMRO wign-1 or and glucose concentrations were not affected by feeding of
-3 specific lipase (data not shown). This strongly suggested that,nicic acid. It is, therefore, plausible that the dietary punicic
the punicic acid in GMRO was distributed exclusively in the z¢id not only in PO, but also in GMRO, did not cause

sn-2 position. On the other hand, because PO contained overynfavorable results in mice under the experimental conditions
80% of punicic acid, the punicic acid in PO is plausibly located in the present study.

in all positions of the triglyceride molecule. Therefore, the In conclusion, dietary GMRO as well as PO containing
positional difference of punicic acid in the triglyceride molecule punicic acid decreased adipose tissue weights and hepatic
could be one of the factors to cause the difference between thetriglyceride concentration in mice, which could in part be due
GMRO and PO. However, Tsuzuki et al. recently showed that to an increase of hepatic fatty agidoxidation activity. The
lymphatic recovery of punicic acid was roughly quantitative effect of GMRO was estimated to be more potent than that of
(approximately 90%) after 24 h in rats administered pomegranatePO. To our knowledge, this is the first report to show the dietary
seed oil, even though punicic acid is located randomly in the effect of gene-modified plant oil containing punicic acid. Further
triglyceride molecule (31). Thus, the advantage of the specific studies are required to elucidate the mechanism for the effects.
distribution of punicic acid in GMRO remains unclear. Also, efforts to produce a transformed plant accumulating higher

As shown inTables 4and5, dietary PO dose-dependently €VeIS of punicic acid are expected.
increased the proportion of punicic acid and another conjugated
fatty acid, 9¢,11t-CLA, in liver phospholipid and more evidently ABBREVIATIONS USED
in triglyceride. In all cases, the proportion of 9¢,11t-CLAwas ~ BAT, brown adipose tissue; CLA, conjugated linoleic acid;
more than that of punicic acid, suggesting that punicic acid was CLN, conjugated linolenic acid; CPT, carnitine-palmitoyltrans-
effectively A13-saturated to 9c,11t-CLA (&1, 32). Dietary ferase; DI, desaturation index; FAS, fatty acid synthase; GC,
GMRO also increased the proportion of these conjugated fatty gas chromatography; GMRO, genetically modified rapeseed oil;
acids to the level between the RSO PO and PSGt+ 2PO G6PDH, glucose-6-phosphate dehydrogenase; ME, malic en-
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(17) Ide, T.; Oku, H.; Sugano, M. Reciprocal responses to clofibrate
in ketogenesis and triglyceride and cholesterol secretion in
isolated rat liver Metabolism1982,31, 1065—1072.

(18) Rouser, G.; Siakotos, A. N.; Fleischer, S. Quantitative analysis

zyme; OLETF, OtsukalLong-Evans Tokushima Fatty; PAP,
phosphatidic acid phosphohydrolase; PO, pomegranate seed oil;
RSO, wild-type rapeseed oil; TBARS, thiobarbituric acid
reactive substances.
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