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Effects of Defatted Safflower and Perilla Seed Powders on Lipid Metabolism
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Abstract

To study effect of non-fat components present in plant seeds on lipid metabolism, defatted safflower and
perilla seed powders were used in high cholesterol diets for ovariectomized (ovx) female Sprague-Dawley rats
weighing 227+ 15 g. Experimental groups were six as follows; normal group without ovariectomy and cholesterol-
free diet, sham and ovx-control groups with high cholesterol and cellulose for dietary fiber, ovx-est group
with the same diet as ovx—control but with eight subcutaneous injections of 50 ug 17B-estradiol, ovx-safflower
and ovx-perilla with 29% and 16% (w/w) of each defatted powder in high cholesterol diets at the expense of
cellulose. Weight gains were lower in normal and sham groups and food efficiencies were lower in normal,
ovx-est and ovx-safflower groups compared with ovx—control. Uterus weights were dramatically reduced by
ovariectomy but restored completely by 17B-estradiol and partially (~5%) by defatted safflower. Plasma levels
of total cholesterol were not different among ovx~control, sham, ovx-est and ovx-safflower groups (90.8~95.1
mg/dL) but that was lower in ovx-perilla (80.4+6.2 mg/dL). Plasma triglyceride (T'G) levels were lower in
sham (76.6 1+ 7.0 mg/dL) and ovx-perilla (79.2+5.8 mg/dL) groups. Liver cholesterol levels were lower in sham,
ovx-est, ovx-safflower and ovx-perilla groups (26.6 ~29.8 mg/g) than ovx—control (36.5*3.2 mg/g). But liver
TG levels were reduced only sham and ovx-est groups compared to control group. Fecal excretions of bile acid
and cholesterol were highest in ovx-safflower group (30.8+5.7 and 32.1 +5.7 mg/g) compared wth other ovx
groups (20.8~23.1 and 12.1~19.5 mg/g). These results suggest that both perilla and safflower seeds contain
non-fat and non-fiber components having lipid lowering effects.
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phytoestrogen(5) 2.2 2] &Aol AR w} gt A EA
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heto] o373k vl S/AES Ao 3 o7 ool HE
g ¢ Holrt 1981 Kimat Kim(6)ell 23t} &) &7}
ulo] of| &8 259 §}4k3} 7] %501 invitro 29 systemol| 4]
w7 o)al Lee(Doll 2}3le] L 7]5-E A o) phenol 3%
oletm ytal g oy, St &t 5 E 4 52 23 &)
B3l ol 4] habsh A Bo) Al A AATHER), S7hne) gt
3 S5 Ee] FGEHRE 2 AR AAIEHA (9,
10), Rhie®} Park(11)-2 ALE 2 EA o) 2] E)
nk-g ol A A7 AF 5 A Fo2dES FAAY
o] A stEgirtz 2w gt vl glrk. o] &)< 37 lignan? ses-
amin?} sesamolin®! 34HEH=H-(12)% o2 3 2.9 polyphenol
A EAES IR Y NR Y FFRFEFEEE I
2F4-(13) 2 S 2~HE Aol 54841 3-hydroxy-3-
methylglutaryl coenzyme A(HMG-CoA) reductase *] 3] &
A7) gled-So] = glvh14,15).

Z 3} (safflower)E P15 52| o)A A]4-F A4S 938 A
vl =] o] 52 A2l a-linoleic acid(n-6)% thaF &-§-5}<]
% 2 2HEF AstalE 2 dAEAY AERE 2
A# = gl 51‘31‘4 T ol A= FEAl R 28 Y-
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jo] B i glck F31EAlG o] 8¢ o] & A
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serotonin®] 413} 2H4-(19)e] B = ¢l-& ¥Folr}l &H Kim
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A& z A 8le] @ -linoleic acid ¥ ol FE Al x| 2 oh Abo]
o] k9 | x| = A Bo| &R 3R] o RHE AT A} 319

t} =z]o}uly secoisolariciresinol?] phytoestrogen. 2 2.4
o] J&o] Aalsl nie} o], W A FAAINE Hol:
2324 e AE % phytoestrogen® 24 248 7| & <
ek ol# g A& Aatsle] B - polie dAaEA &A
oA &= F3px] g AFAA A E A e 1A
T3 2 F5A T adHE o] WEtE AN A
o] 5 &z B de] Axelx w)wslgict

Mz W

M=
Ay Aelof Ag-3t E7utat F bt 1999 = 8 ol 7
B o2 el A el g FA & FdEhe] AREshaleh A=

ZA4 500 g& 170°Coll 4] 1087k BobA 41 $ 2~3ui 9]

8-2:2] hexane o & 23] d&} F&8l FAALEE

v} AF el A P hexanes A7) A AALE b A2
AA Ao B2 ALg-3lic) FA| A olofl 7]-A R casein,

Vltamm mix, mineral mix2 -FH A EA] ) A7 E9

28 &2 TekladAH Teklad Test Diets, Madison, USA)®|

A 9} ahed 31, celluloses Sigma-AldrichAHSt. Louis, USA)
ol A, &4 AL AbFAl Al F-& 7] el R A

G oA A TSkl ARgshaleh

S22 AR

Sprague-DawleyZ9] 190 g W< <+# 50v9t=l & 3=
APFEAE A Fdste] 1577 3 ol 48414 F, pen-
tobarbital(50 mg/mL)# urethane(230 mg/mL) &3 A A &
27ro 2 2ml/kge] &80 2 FALSte ntH A 7|2 BAEE
ANg F 407ke] s A S AA s ovx), 107te] & A
A ¢lol(sham) AN F-H& S H3sich &5 dFA 5L
Akl (chow)& o] 3] B381A & oh-f ovxT& GHAH 2
472 2 o] ovx—control, ovx-est, ovx-safflower, ovx-
perilla® ®walw, o] 57 &l & A eA] B F2
B2A9 o4 1078l E normalZ 22 &t F HYT &6
ol deh(Table 1). A& 2l Ao]i= AIN 7|21l =z}
Z2A| 8t 2. normali-2 ZH|2d Bo] HrlE ] 942 A
o] & F938} 2 shame % Yl ovxTE-2 0.4%(w/w) F# 2
d 2o} F-1 Alo] & ZAll3le] Foftgich(Table 2). Sham,
ovx—control, ovx-est¥9] Alo]+= FU 3 2, ovx-safflower
F3} ovx-perillait< ovx—control# Aol -4 FS 5
ol 5HA) 17| 98kel 3} 29% (w/w) et E704t 16%(w/w)
& 7p2ke) A g A elo] Artsiar, 2 FAatel £ e oY
A A FoF Aabslo] (22) casein A& k& =AY
o} Ovx-est2 Alo]& ovx-control2} ¢k} 17B-estadiol
(Sigma Chemical Co., St. Louis, USA)-& H5f-o| 48 4]
A H-dd v 18t 2 50 ug(500 ug/mi '9“3—}} 01 mLYA & 15Y
of 2wl Falate] 47 A7t F 83 FossTh

2R
A g Al0) 2 A%TE AR T, AES ol 2 e sPEA o)

Table 1. Six experimental groups with regard to ovariectomy,
estrogen treatment and cholesterol in diet

Ovx- Ovx- Ovx- Ovx-

G S Normal Sham g
roup S control est safflower” penllaz’
Ovarlectorny - - + + + +
F%trogen = - - + -

Cholesterol - + + + + +

PDefatted safflower seed powder was added at the level of 29
% (w/w) in diet.

?Defatted perilla seed powder was added at the level of 16%

(w/w) in diet.

PFifty ug of B-estradiol in soybean oil was injected subcu-
taneously twice a week for 4 weeks.
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Table 2. Composition of experimental diet (g/kg diet)
Ovx- Ovx- Ovx- Ovx-
Groups Normal Sham control est” safflower perilla
Casein 150 150 150 150 82 94
Corn starch 477 473 473 473 314 428
Sucrose 158 158 158 158 158 158
Lard 40 40 40 40 40 40
Soybean oil 75 75 ) 75 75 75
Min mix” 40 40 40 40 40 40
Vit mix” 10 10 10 10 10 10
Cellulose 50 50 50 50 - -
Cholesterol - 4 4 4 4 4
Defatted - - - - 290 -
safflower
Defatted - - - - - 160
perilla
kcal/kg 4326 4326 4326 4326 3853 4122

YFifty ng of 17B-estradiol in soybean oil was injected subcutane-
ously twice a week for 4 weeks.

YAIN-76 mineral mix.

YAIN-76 vitamin mix.
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Aapoick AT EE AW 5 29 % AAY F FRE
2ok GEA W T2 E A A B2 ALET 2l
& AFE717E oA ol A FE AL -60°Co 1
Wplch} B4 el WEA2AA AHFE ARE A
shatet.

AE W HEL 2

W4 $3920%, HDL-24 20 B3 3449 trigly -

ceride; TG)-S & A kit(Al oF3Hst, A-8)5 AH4-3te Al %3}
st} 7+#2) & Folch®(23) 0.2 2| A-& &3 5, Z#2H
22 3staql W24 o, FAAANE A RE triton X~
1002 28 3425) F4 kit(Alokshs), 4-&)E AHgste] &
Gatxl o g Aeksigich EHule] FHaH & G542
Az 2E AF8-3Fe] Crowell# Macdonald® (26)el] 2|3}

223t & FY 222 3E3hg (24232, FEAS B
kit(Sigma) & AH43te EFEE ZAste] AeFslgdch

EAIXz2|

A8 A3 BALRE AW (analysis of variance) &2 77F
o] & A8 L, Tukey's testel] &3t ztol o] f-2j A&
p<0.05 FA A ZF3hct
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Table 3¢l 4559t 6 AFTE] Aol 44 F AF

7}ek, Alol & o AF3} ko) FAIZ vt sleh 27
A & shamTo) oh& FEol v]s] 12~19g A =2 A

A gFol gl ot Fbell -2 el Aol At et 45
g2lo] ¥ AFZ7}+= normali ¥ sham-e] A 3k
o], ovx-est@ ¥} ovx-safflower#°] ovx-control# ovx-
perillaell H]3te] Y& A gFolglom Ao A g T AFF7)
9} v] 48 AeFolgrt At o2 nFTH 2 EACE F
oJ& AL FaEE FH M o]o vste] A Fo] Frts}
= #Ake 2 34 9)e] normali?d] $& AFF51E A6
Zc}h JaA AR AU o ~EZA) A 3LE ovx-control#
ovx-perillaZ-oll M &] AFZ7 23} A o) &£ normalT
shamitoll ¥]3le] F A o2 & AL a2 F-A
2 Aua 5 gl Ach o AEZAL AWz o Ay 2l
o}l (lipoprotein lipase) 2] A& #8441 7]52(27) 322 7
74 2l she} Al (hormone sensitive lipase) &4 -& 5714 A
(28) AX 1 24 & A g}t 28} ovx-saffloweri-¥] 4]
o] & o] & 7o Fapubajole] dakd st Uopd 7o
(Table 2) falo] 412 A2 Atg st aetx] 25 A7
A AF e A=A 3 S T 8= pair-fed B o]
sty A 3 2] FAE A A dnER
Ao 2t o B2 2 v F AR IHAE A A3
9 normal, sham@ 3} FAd 4 § AAEZAE FAE ovx-
estioll A Abgo] AAFFo R F 2 i G ARk
A8 gk e A] A T2 Abgo] @A s Fastedrt. o] v

2 M T TS 43 ovx-safflowerie] 374l

@ o o oy

lo

Table 3. Body weights, food efficiencies and organ weights of six groups of female rats fed one cholesterol free normal
diet and three high cholesterol diets with and without defatted safflower or perilla powders for 4 weeks

Normal” Sham Ovx-control Ovx-—est? Ovx-safflower Ovx-perilla
Initial body weight (g) 208 +12" 21617 23118 235+18 233+9 235+13
Body weight gain (g) 578 65+ 23° 109+ 24° 851+ 24% 99+ 25% 118£20°
Food efficiency (g/100 g diet) 18+4° 20+5% 26+ 4 16+7 16+6° 27+ 4
Uterus weight (mg) 471 £ 40° 470+101° 81+10° 488 +85° 101 +11° 94+16™
Liver weight (g) 8.24+0.77° 920+£140°  11.26+253  1097+141°  1049+1.06®  11.19+1.45"

‘“Cholesterolffree diet.
DRefer to Table 2.

3Values are mean=SD (n=10) and those in the same row not sharing common superscript letters are significantly different at

p<0.05 by Tukey's test.
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ol & et x] oS o ¥ustadrh dAadA F A
A M3kE 8] f]5te] Folshs dlaERA $E0] B A
F(32) 8t AY™ AE ovx-estioll A dAEZAL FH
2H & A3 295 2 5 gA & ol -2 Alsgch 2yt
ZZA 6 A H T Tl Sl ohE W] Fofl vl
3y o Ad o] tha 2 712 Rhie9}d Park(11)9] 23}
¢} FAFstod et

HDL-Z# ~HZE 8% ¥ normal+(36.3£2.0 mg/
dLyol) B] &l | AH 2 Fof A AukE] 02 ol A gL
ojvl 8wl Aztel et o (33) LFH A EAE A
At dadA F Sl F3hat AF el 20.411.4 me/dL
2, ovx-est @ ovx-perillaz- ®.t} 21 8}A] =k} @23
A 932 F35A 5 Aolof] AME-]F Kim 59 AFA2DNA &
FEA R Ao] 2 dA FF e 2 Bo) 3FAskel 2 HDL-
Y 2 &L 1S 2o Foich gy E3EAedle
HDL-Z3 2H & F7H 75 FEA o] a8t 2l
2 Q7E|v] o] AREEo) distel& o] AR Holof & Aow
AzrEle} Z3hubrlo] oA HDL-Z#H 2dH S0 F7l5 2=
4] HDL- 23~ 3/total ZHAHE9] v &= F71= o)

32} =4 A k8- ovx-control-(95.2£10.9 mg/clL)O] sham
Lol B3] foH o ol dAERANE g
ovx-estioll A& sham el v]sle] =t °]7,1T°: kA
A e daERA Fofaka} o] gl A2 Aluslo
Ovx-perillaxd=-& ovx-controliel| B]3}e] -FolH o2 Ik
1} ovx-safflowerd-& 2 A30-& 2ok B |
o1& ovx-perillai-olAd A FAA A3t 2= 23 E
AL2-FE el date] ARADe ARSI

UH=EZ Fof X|H

AR FEL 2R e EN F FX7} Table
5ol vhel} gl EFel A8 &S A EA o2 normal¥->
7tz A FH A E $F0] 5661057 mg/geld o] FHA
HE Aol F F 7hA & 38 7P & ovx-controli 2 2
3653 mg/gel R 2, v x| vl 26.621+2.42~29.8016.53
mg/g 2.2 F7bel|l {ojAl Aol vhehA] odsgiel ¥ A
ol A rE2A e FH e g S5 W A7t ¥

ZA) A uk

Table 4. Effects of defatted safflower and perilla seed powders on the levels of plasma lipids in ovariectomized female rats

fed high cholesterol diets for 4 weeks (mg/dL)
Total cholesterol HDL-cholesterol HDL-/total cholesterol (%) Triglyceride
Normal” 705+2.7 36.3+20" 515 855+52"
Sham 95183 14.8%2.0" 155 76.6+7.0°
Ovx-control 90.8+6.2% 238+ 1.7 26.2 95.2+10.9%
Ovx-est” 93.2+6.8° 237%2.2° 254 94.2+10.0°
Ovx-safflower 94.0+6.2°% 294+1.4 313 81.4+82°
Ovx-perilla 80.4+6.2% 216+ 1.6° 269 792+58"

“Cholesterol-free diet.

PValues are meantSD (n=10) and those in the same column not sharing common superscript letters are significantly different

_at p<0.05 by Tukey's test.
YRefer to Table 2.
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Table 5. Effects of defatted safflower and perilla seed pow-
ders on the levels of liver lipids in ovariectomized female rats
fed high cholesterol diets for 4 weeks (mg/g)

50

O Normal
B Ovx-est

3 Sham
@ Ovx-safflower

#l Ovx-control
B Ovx-perilla

Cholesterol Triglyceride
Normal'' 5660577 28.92+3.39"
Sham 26,62+ 2.42° 30.03£6.59"
Ovx-control 36.53+3.21° 44.16£3.97°
Ovx-est” 28.84+2.04° 27.64+351°
Ovx-safflower 2951267 42.42%5.40"
Ovx-perilla 29.83+2.23" 40.47£6.53

YCholesterol-free diet.

?Values are mean* SD (n=10) and those in the same column not
sharing common superscript letters are significantly different
at p<0.05 by Tukey's test.

YRefer to Table 2.

A e} ZbzA oA & veldA shamit T} ovx-estio] ovx-
controlir B} frelA o2 oty F3ulal Enlk ol AE
29 axte} 22 Are A3l AdE Bl Fich A
F3uta Efute) 7haA A E A3 A e 2
AoAl =AY A7 A (11,2003 A== 2 9le] 2 FEA
ol g ez ZAy} HRsie)

7rzA) ZA) A ko] shamT I} ovx-estTol 4] F&l o] A3}
o] o AEZAY FAAY 7t A E Fe 2Bl
B oule} 2o 7k oA BAsteich ey Fshat it
Toll A e 2T (ovx—contro)3} o]z} vheltA] edglhel
ol e A7 AFH(11)9} Zo) 7} gl ont B oI oA o] A
27 EAd 71Qdsle oz selg & "ar) gl

= 2 AHE HhA
BRI GTU ML A FALARE Y71

*PLP %32 lﬁ‘??}"# HEae

RIRN
B R A LA AT, 8 A R
(1530) 2 8 A 24 NEE 144 BLE G340

1?4 aM.

Fig. MW 35’—0:1'1‘-1— et Ze2E Eol
& Aol & & normalell 4] FHl 284S T
e 2] C]r*/i%f’ﬂ vl e & ke vl AE s Ao e
gtoldl w Qieh(15). BE MY T FollA ovx-safflowers
o] Az ¥l 1 g B &5k viAde] 308457 mg, FH ~HE
jAde] 321257 mge & thE dAadATFEL 209~23.1
mg ¥ 12.1~19.5 mgell ¥l&l f-oA o2 Fopct. &H S
ut AH e S~ E uf4(19514.10 mg)ite] S7HE &
Asko] ) 3, wFAl A& o) =74l ovx-control(14.6+ 1.7
mg) @t 2po|7F gl dch g Ao ofl ARE-gE B el 4]
E(11) e 2 A4 o oA E Al SUHE g
vl gl o} whZatol] cfsle] s o] glA] ¢t H ol

A Feputel ggEo} ol Adad) AEe 2 F2E 7]

mg/g dry feces

Bik acid Cholesterol

Fig. 1. Fecal excretions of bile acid and cholesterol of ovar-

iectomized female rats fed defatted safflower and perilla

seed powders in high cholesterol diets for 4 weeks.

YRefer to Tables 1 and 2 for characteristics of six experimental

_groups.

PValues are means* SE of 10 rats per group. Different alphabet
letters in each measurement denotes significant differences among
groups at p<0.05 by Tukey's test.
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& &A3lg) Ao Ee
FAaAA F o aEE2A

oX
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2t FAaE A A EHA] ¢F-2 sham
£ FF ovx-estFol A& #b

FzA el A REFY o I4 A Yz g St
A A E) SaEdr, Tt e oha 3 B4 2
t}. Sham$(95.1 +8.3 mg/dL) % ovx-est7(93.216.8 mg/
) 23pub7(94.016.2 mg/dL)el 4] HFETF(90.8%6.2 mg/
dLyell vl el 84 FH 8 F A lr) Jehda] edghov E70
¥H80.4£6.2 mg/dL)ol A& otk 84 FAA YL T
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