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Reduction of Plasma Triglycerides and Cholesterol in High Fat Diet-Induced
Hyper-Lipidemic Mice by n-3 Fatty Acid from Bokbunja
(Rubus coreanus Miquel) Seed Oil

Hyelin Jeonl, Su-Jin th, Hyun Soo NamZ, Yoon Seok Songg, and Kyung-Chul Choi'
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ABSTRACT To investigate the effect of n-3 fatty acid from Bokbunja (Rubus coreanus Miq.) seed oil (BSO), we
examined improvement of plasma triglycerides and cholesterol in vivo. Five-week-old ICR mice were divided into
five groups of six mice each; Control, high fat diet (HFD) control (negative control), salmon oil control (positive
control, HFD+commercial n-3 fatty acid), and BSO experimental groups (HFD+1 g/60 kg BW/d, HFD+2 g/60 kg
BW/d). After 4 weeks of BSO treatment, we measured serum triglyceride and cholesterol levels. The levels of low-den-
sity lipoprotein/very-low-density lipoprotein-cholesterol, high-density lipoprotein-cholesterol, and total cholesterol were
significantly (P<0.05) reduced in the group fed BSO at 2 g/60 kg BW/d compared to the negative control. Levels
of triglycerides, which are similar to cholesterol, were also significantly (P<0.05) reduced in the same group. To
investigate further, we tested blood coagulation parameters. Prothrombin time (PT) and activated partial thromboplastin
time (aPTT) were not significantly different among the five groups according to BSO. However, the 2 g/60 kg BW/d
BSO group treated with PT and aPTT showed a tendency to live longer than the negative control. Taken together,
BSO might improve blood homeostasis mediated via hypo-lipidemic and anti-coagulation activities.
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(Normal control), &4 tJZ&1(Negative control, A&
Z %, high fat diet; HFD), %A th %+ (Positive con-
trol, 1A 8= % ¥ 2 u|7}-3 A&, commercial n—-3
fatty acid), H#¥AEAF Foli (LA EF F% 4 BSO
A+, 1 g/60 kg BW/dABSO 1 g), 2 g/60 kg BW/dBSO
2 @)L= PRI vh-AE G PE o] &, FAHE iy
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Food efficiency rate (FER)=

27124 &3

A% F8 Al Avertin(2,2,2-Tribromoethanol, Sigma-
Aldrich Co., St. Louis, MO, USA)©.2 Al v}#&te] <ks}
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17 Micro centrifuge, Thermo Scientific Inc., Waltham,
MA, USA) o] 45 Felsiuiiet. ¢ 2eld 8%
= 9vd TR &7 dF SAAYY FHHES S
A3t ol o] &3ttt dF FAAY F42 Triglycer-
ide colorimetric assay kit(Cayman, Ann Arbor, MI,
USA)E o] &3t9laL, Fel2~HE 542 EnzyChrom HDL
and LDL/VLDL assay kit(Bioassay system, Hayward,
CA, USA)E ol &3l Z+zte] A& xastlon, ztzhe]
EH =+ SpectraMax 340PC384 Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA)Z 435t

Prothrombin time(PT), activated partial thromboplastin
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Table 1. Fatty acid composition, total polyphenols, and flavonoids test certificate of the Bokbunja seed oil (BSO)

Test code Measure Result
Butyric acid Capric acid g/100 g -
Caproic acid Caprylic acid g/100 g -
Lauric acid Myristic acid g/100 g -
Tridecanoic acid Undecanoic acid g/100 g -
cis-10-Penta decanoic acid Heptadecanoic acid g/100 g -
cis-10-Hepta decanoic acid Elaidic acid g/100 g -
Eicosadienoic acid Arachinoic acid g/100 g -
cis-8,11,14-Eicosatrienoic acid Eicosapentaenoic acid g/100 g -
cis-11,14,17-Eicosatrienoic acid Henicosanoic acid g/100 g -
Linoelaidic acid Docosadienoic acid g/100 g -
Pentadecanoic acid Docohexaenoic acid g/100 g -
Erucic acid Tricosanoic acid g/100 g -
Lignoceric acid Nervonic acid g/100 g -
Myristoleic acid g/100 g -
Behenic acid g/100 g 0.14
Palmitic acid g/100 g 2.09
Palmitoleic acid g/100 g 0.08
Stearic acid g/100 g 0.80
Oleic acid g/100 g 7.95
Linoleic acid /100 g 42.63
v-Linolenic acid g/100 g 0.08
Linolenic acid /100 g 23.83
Arachidic acid g/100 g 0.28
cis-11-Eicosenoic acid g/100 g 0.18
Vitamin D ng/100 g -
Vitamin E mg a-TE/100 g 8.30
Conjugated linolenic acid (CLA) mg/g 1.11
cis-9-, trans-11-CLA, trans-10-, cis-12-CLA % 47.03
Total polyphenol mg/g 0.68
Total flavonoid mg/g 1.13
Catechin mg/g -

Table 2. Residual insecticides, fungal toxins, bacterial counting, and coli form count inspection certificate of the Bokbunja seed

Aflatoxin

Ochratoxin

ng/kg

oil (BSO)

Test code Measure Result
Benzene hexachloride (BHC) DDT mg/kg -
Bifenthrin Cyhalothrin mg/kg -
Carbofuran Cypermethrin mg/kg -
Chlorfenapyr Cyprodinil mg/kg -
Chlorothalonil Chloropyrifos mg/kg -
Chlorpyrifos-methyl Diazinon mg/kg -
Dichlorvos Dicofol mg/kg -
Endosulfan Fenarimol mg/kg -
Fenitrothion Fenpropathrin mg/kg -
Fenvalerate Fludioxonil mg/kg -
Imazalil Iprodione mg/kg -
Isoprothiolane Malathion mg/kg -
Methomyl Methidathion mg/kg -
Paclobutrazol Phenthoate mg/kg -
Permethrin Phosmet mg/kg -
Parathion Parathion-methyl mg/kg -
Primicarb Procymidone mg/kg -
Quintozene Triadimefon mg/kg -
Triflumizole Triazophos mg/kg -
Prochloraz Methoxyfenozide mg/kg -
Boscalid Acetamiprid mg/kg -
Atrazine Ethion mg/kg -
Iprovalicarb Cabaryl mg/kg -
Captan Tolclofos-methyl mg/kg -
Triflumuron Thiamethoxam mg/kg -
Fenhexamid Pyrachlostrobin mg/kg -
Profenofos Hexaflumuron mg/kg -
Flufenoxuron Pirimiphos-methyl mg/kg -
Pyrimethanil mg/kg -
Azoxystrobin mg/kg 0.0675
Flubendiamide mg/kg 0.0778
Coliform bacteria - -
Bacterial population count /mL -
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Table 3. Weight gain, food intake, and food efficiency rate of mice

Group Weight gainl) Food intake” FER”
Normal control 9.45+1.20° 8.89+0.34 0.19+0.02°
Negative control 15.260.65" 8.42+0.31 0.34+0.05"
Male Positive control 11.42+1.31" 8.32+1.16 0.19+0.04°
BSO 1 g/60 kg BW/d 14.9+1.64" 7.92+1.09 0.3240.05"
BSO 2 g/60 kg BW/d 13.6+0.56" 8.4240.55 0.25+0.04"
Normal control 8.29+0.61" 8.61+0.46 0.11x0.02°
Negative control 13.53+0.61" 7.82+1.04 0.26+0.04"
Female Positive control 9.42+0.69 8.28+1.16 0.18+0.03"
BSO 1 g/60 kg BW/d 12.9+0.95"" 7.66+0.67 0.28+0.02"
BSO 2 g/60 kg BW/d 11.4+1.27" 7.63+0.63 0.2+0.02"
1)Welght gain (g)=final body weight— start body weight.
Food intake (g) food intake (g/week).
YFER=weight gain (g/week)/ food intake (g/week).
Each results regresents the meantSE (n=6).
P<0 05 and ""P<0.001 compared with the Normal control.
'P<0.05 compared with the Negative control.
Table 4. Average organ weight of each experiment group
. . BSO 1 g/ BSO 2 g/
Normal control ~ Negative control  Positive control 60 kg BW/d 60 kg BW/d
Heart Male 0.22+0.01 0.22+0.02 0.20+0.03 0.23+0.02 0.23+0.02
Female 0.20+0.04 0.17+0.03 0.22+0.06 0.18+0.03 0.18+0.02
Liver Male 2.42+0.23 2.21£0.07 1.97+0.10 2.61+0.24 2.55+0.32
Female 1.84+0.04 1.94+0.08 1.81+0.28 2.12+0.49 1.91+0.28
Kidney Male 0.75+0.11 0.68+0.05 0.58+0.05 0.66+0.02 0.62+0.07
Female 0.47+0.06 0.45+0.06 0.53+0.04 0.56+0.02 0.47+0.03
Spleen Male 0.14+0.02 0.15+0.04 0.17+0.02 0.19+0.05 0.16+0.02
Female 0.19+0.03 0.17+0.04 0.25+0.05 0.21+0.05 0.15+0.04
Each results represents the meantSE (n=6).
Ao 4] ArH46,47). oY A7 AdE Alg o M= Aol 5 T84 89.19£4.60 me/dL
A AO £3E CLAZF Ad &2 A5 249 4 olal S ET oAM= 136.7245.86 mg/dL=E, 4 =T
olig Aste] AL WAL o A o] abt)zol W8l 65.2% & AL SHla19on, 45%

SEREAR M 02 &7I2
7} 2 B7)9] FA(Table 45§14 Aol 7} Rt

B G225 492 Aol of2 f‘sﬁ%ﬂ—fﬁ%ﬂﬂ o]
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Fabs Aol 413 e n 4% AN
VS

HE ZNXYD ZHAHE W
Fig, 1& £ 5l 99 ] 93 34
SR QR vk BN 84

JALE

i

yzol REEEERE
CIX000DE welsl FASE sl& s, £

90.6944.21 mg/dL
138.85 i6 02 mg/dL=Z 7|

o
B A

fat dietE 3] A dZo] FEHATGE AS <&+ I
th 2A"ZFo| FEH FA vhg-2e FA o] 95.40%
8.99 mg/dL, BSO 2 g Fo|iol A 97.24+4.58 mg/dLZ
SANZT tn] 22 oF 68.71%, 70% 502 Ay
frolH oz AA(UX0.00D3 = AS Al 18
53] A w920 Afoll= Stz divlste] A
ol A 90.80£7.21 mg/dLE ZAaste] SAWET o
H 66.4% F°] HR3L, BEEAFAT Folit B4
(BSO 1 g& 93.5+3.46 mg/dL=2 &A% 4] 68.3%
%, BSO 2 g2 90.63%+5.24 mg/dLE A= 4
66.3% %) FdHoz FAAW] 4 (/X0.001)3H=
A& gelsalt.

Fig. 29| A, B, C& 3 v}9-29] FF#2HE, HDL,
LDL/VLDL-Z# 2 H =9 X2 ag =2 Jei Ax}o)
v} 22y 2SS 113.97+1.47 mg/dLoll A 146.08+0.70
mg/dLZ, HDL-Zd 2= 82.50+3.30 mg/dLolA
113.47+1.07 mg/dL&, LDL/VLDL-Z# 2~ H =& 23.86
+0.49 mg/dLel A 36.39+1.49 mg/dLE ZF7}3to 2 A
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Fig. 1. Triglycerides of ICR mice. (A) male's triglycerides, (B)
females trlglycerldes Each bar represents the mean+SE of 6

mice. P<0 05 and "P<0.001 compared with the Normal
control. ~ P<0.001 compared with the Negative control.

gojzatel] vlE] S UETY A7 1973 2 2(/%40.001)
Zolxl AL &Rl g5 %* Aol A} wpzkrhA]
23 % -‘Eleﬂi 15 =3 A ZzTol Bste] AT

< 114.78+1.94 mg/dL, HDL-Z#b 2~ H &

= 82 75%1. 04 mg/dL LDL/VLDL—E—E])\E]ig 25 62
+0.73 mg/dL)% HEAFA T 75ol(BSO 2 g)(FFHe~
H &2 114.61£2.35 mg/dL, HDL-Z 8| ~H &2 81.77i

1.37 mg/dL, LDL/VLDL-Z | 2~ H &2 26.22+0.39 mg/
dL)el A 93 0 2(/X0.05) #4sts 232 Ao, o
Pz S A3 2kS w) HDL-F8 28 &, LDL/
VLDL-Ze 2B &0 & 25 WPoRHA 3 lﬂﬂﬁEﬂi &
= g7 dskA ® ez AT AR R A

A= = Aol frof BEEAEAG(BSO 2 9+ 5 Fd&
H (%, HDL, LDL/VLDL)¢] ®¥3lo] T2 JaA& =
T dSS sk

Fig. 3% &7 whg-29] S8 ~HE <3 HDL, LDL/
VLDL-Zd|2H & 7X & 1# =2 Yepd A7=4 A
- =7 up9-29) B 523 A9y &Y A vt
$-20 dF FZY~v 0] 134.30£1.03 mg/dLE A4
izt tiH] °F 79% F7hekglal HDL-Z4 2~ H &2 110.29
+1.13 mg/dL_e_ A2kt Z oiH] F 67.6%, LDL/VLDL-
ZY2E =L 35.44+0.79 mg/dLE AU v <
65.3% v7}§£i*/ﬂ 5 Azl v& AN
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Fig. 2. Cholesterol of male ICR mice. (A) male's total cholester-
ol, (B) male's HDL-cholesterol, (C) male's LDL/VLDL choles-
terol. Each bar represents the mean+SE of 6 mice. *P<0.05 and

" p<0.001 compared with the Normal control, "P<0.05 com-

pared with the Negative control.

o] =X 7F §9H 0 2(X0.001) ok AL A3
Lol whal] el Hldte] FAHEL(FTF U =H =
€ 105.98+1.13 mg/dL, HDL-Z# ~H &< 76.75+1.66
mg/dL LDL/VLDL-Z | ~H 2L 25.240.88 mg/dL)¥}

B4 3ol (BSO 2 o) (FFd 2~ =S 103.73+
2.09 mg/dL, HDL-Z#| 2~ H &2 77.80+1.7 mg/dL LDL/
VLDL-Z# 28 ZL 24.44+0.91 mg/dL)& #Fdo=w
(/X0.05) A&k 2 23Tk 39 Zﬂiﬂrg} uhk 714
% HDL-Z¥~HZ, LDL/VLDL-Z# ~H 29| St ut
o Y AHE o EF WA © Aow AZtEw kA
iz om AL Al dolfof BE-AEAFBSO 2 g)
= FRAET ofyet oA whbe-2dM R dF FuH2HE
(%, HDL, LDL/VLDL)®] ®i&}e] 544 g5 = 5 3

l

H =2



orl7t-3 i BRAZAR

A 1604
#H##
140 4 s
~ 1201 . . .
el
> 100
£
° 80
k]
3 60
°
<
O 404
20 A
0~ T T T T
Normal Negative Positive BSO 1 g/60 BSO 2 g/60
control control control kg BW/d kg BW/d
B 120 4 sy
H#i
100
o
° * * *
> 804
E
S 60
7]
k7]
Q<
S 40
(&)
20 A
0~ T T T T
Normal Negative Positive BSO 1g/60 BSO 2 g/60
control control control kg BW/d kg BW/d
C 40 4
HH
35 it
-~ 304
R4 * *
2 254 ¢
S 20
7]
k7]
2 154
5]
<
© 04
5 4
0 - T T T T
Normal Negative Positive BSO 1g/60 BSO 2 g/60
control control control kg BW/d kg BW/d
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