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Effect of Sulgidduk containing pine needle juice on lipid metabolism in high
fat—cholesterol diet induced dyslipidemic rats™

Yunjung Lee, Jae-Hee Park and Eunju Park’

Department of Food and Nutrition, Kyungnam University, Changwon, Gyeongnam 51767, Korea

ABSTRACT

Purpose: Dyslipidemia is a major risk factor for cardiovascular disease, Pine needles (Pinus densiflora seib et Zucc) are a
traditional medicine used to treat dyslipidemia in clinical settings. This study examined the potential effects of sulgidduk, a
Korean traditional rice cake containing pine needle juice to protect against dyslipidemia induced by a high—fat/sugidduk diet
in a rat model, Methods: Twenty one male Sprague—Dawley rats were divided randomly into three groups: normal control
(NC), Sulgidduk diet (SD), Sulgidduk diet containing pine needle juice (PSD). The blood lipid levels, production of lipid
peroxide in the plasma and liver, total cholesterol and triglyceride in the liver and feces, antioxidant enzyme activities in
plasma and erythrocytes were measured to assess the effects of PSD on dyslipidemia, Results: A high—fat/Sulgidduk diet
induced dyslipidemia, which was characterized by significantly altered lipid profiles in the plasma and liver. The food intake
was similar in the three groups, but weight gain and food efficiency ratio (FER) were reduced significantly in the PSD group

compared to those in the SD group. The level of total cholesterol,

LDL—cholesterol and TBARS in the plasma showed

tendencies to decrease in the PSD group compared to those in the SD group. The levels of high—fat/Sulgidduk diet—induced
sterol regulatory element—binding protein 2 (SREBP2) gene expression were reduced significantly in the PSD group. The
supplementation of PSD reduced the hepatic triglyceride and total cholesterol levels significantly, and enhanced the fecal
excretion of triglyceride and hepatic antioxidant enzyme activities compared to the SD group. Conclusion: These results
suggest that the addition of 0.4% pine needle juice to Sulgidduk may be an alternative snack to control dyslipidemia,
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Table 1. Composition of the experimental diets (g/kg diet)

Ingredient ND" SD PSD
Basal composition
Casein 18 13.8 13.77
Com starch 50.5 0.39 1.37
Sucrose 10 10 10
Com oil 10 3.91 3.83
Lard 0 4.75 4.75
Cellulose 6.5 6.31 6.31
Vitamin mix? 1 1 1
Mineral mix” 35 3.5 35
DL-Methionine 0.3 0.3 0.3
Choline bitartarate 0.2 0.2 0.2
BHT! 0.001 0.001 0.001
Experimental composition (dyslipidemic)
Cholesterol 0.5 0.5
Sodium cholate 0.2 0.2
Experimental composition (rice cake)
Rice flour 0 55.34 54.07
Pine needle juice 0 0 0.39
Salt 0 0.61 0.6

1) ND, nomal diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice

2) AIN 93 vitamin mixture
3) AIN93 mineral mixture
4) Dibutylated hydroxytoluene
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A2 gt & A A7HA] -80°C WYEate] Hyskitk HE
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AAS T TR 2 4B A AT LAS EH
27 B A A7) 80°C W] Bk}

2 ALTE= BCS 7;_]1‘:_} kit (Biosystems, Barcelona, Spain)&
AFg-3}o] photometric autoanalyzer (BTS-350, Biosystems,
Barcelona, Spain)= H|A Z43}%it)
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real-time reverse transcription-polymerase chain reaction--

Hl3.S quantitative

A1 0.5 go]l TRI reagent 1 mL

& it} BT Aol S YASKIE o)

E4 & chloroform 0.2 mLE 7}5F¢] 2027t 7431 vortex

Bl AL oA 1087F W3 4°Cof|A 10,000 g= 15
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B2 Qs o shol
RNase-free water 0.5 mL} isopropanol 1 mL-& &35}
o} BEg-olE A2ofA] 107 BHAFE 5 4°Cof A 10,000
g2 1587F Y4BT St 225 RNA pelleto]] 75%
ethanol 1 mLZ 7}5Fe] A|Z8}aL 4°CoflA] 10,000 g2 5&
7F %1*‘—‘:#&]0}“1:} 22]% RNA pellet:e 37] o] A%

%l & RNase-free watero] =%tk RNA 5%+ Nanodrop
(Nanodrop1000, Thermo Scientific, USA)S ©]-&3}o] &4
319l ¢cDNA+= total RNA 1 pgi} oligodTy, M-MLV
reverse transcriptase (M-MLV reverse transcriptase, Promega,
Madison, USA), nucleotide mix L 5X reaction bufferE &
SoF Wh2-ol-S- 25°Co)| 4] 55, 42°Col|A] 305, 85°CoflA] 5
B2 HRgAl7|E=E R7FASE DNA cycler
(MycyclerTM thermal cycler, BIO-RAD, USA)S ©]-835}4]
SFAJ5}SI ) ¢cDNAO SYBR Green master mix (PhileKorea,
QuantiSpeed SYBR No-ROX kit Daejeon, Korea)E Z7}
3}11 Real-time DNA thermal cycler (iIQTMS5 multicolor
real-time PCR detection system, BIO-RAD, USA)E ©]&
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&Fod real-time PCRE 43J5}3ick. SREBP22] §-Z =}
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7t %2)o] HEPES £+-2-9% (10 mM HEPES, 10 mM KCI,
280 mM sucrose, pH 7.4)2 7}5to] #AESE & 4°Co| A
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assay (Pierce BCA protein assay kit, Pierce Biotechnology,
Rockford, USA)E ARESte] AFst4ct
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ofgl] FE o] & HA (net area under the curve)S At&
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A3kt £, 10,000 rpmof| A 2027t Y- skATt 4
=9l (cytosolic fraction) 25 uL2} 10 mM EDTA, 10 mM
NaN3;, 10 mM GSH, 2 mM NADPH, 1 unit glutathione
reductase S &¢}sfo] Ao A 557 Hl-i/\] ZAck vkRg-of

of 25 mM H,0; 25 uLE &3 & H,0, #AES
UV/VIS spectrophotometer (UV-1601, Shimadzu, Japan)S
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superoxide dismutase (SOD) =742 3l 7 A 65
mM phosphate buffer (pH 7.8)] «+&3}5t 3, 10,000 rpm
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KCN2 Cu, Zn-SOD #|3jA| = #&]3}4cl. Mn-SOD &4
2 AAEE] & pellet (mitochondrial fraction)S 0.1%
witono] §AA ALGHGTE zzke] AlRe} 75 mM
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oxidaseZ 7}51o] 37°Co| A 2087t whAZ T WERg-o]
29 % 1% sulphanilamide®} 0.02% ethylenediamine
dihydrochloride:% 7Vste] A&oA 2087F WHSAI7l &
540 nm0ﬂ/\1 T E =43k 7+ XAQ] catalase
(CAT) =4 -.—]‘ESH 31% Na-K phosphate buffer (pH
7.0)° WSk £, 1,653 rpmof A 1027 Y] SHA
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(pH 7.0)2 A&AEsto] 10,000 gofl A 2027 A4l&2)st
Aot E2)H pellet Na-K phosphate buffer (pH 7.0)2
goto] EAo ARESHRTE Al=ofl 30 mM Hz0, 300 uL
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(UV-1601, Shimadzu, Japan)E A}g8-3}o] 240 nmoj| A 40
27 Z4skglet 23] 7 249 il == BCA
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482 UV/VIS spectrophotometer

protein assay (Pierce BCA protein assay Kkit,
Biotechnology, Rockford, USA)E A3l A5l ch

SAXzE|

= glojele] A A= SPSS ZEIH (Windows
14.0, SPSS Inc, IBM, Chicago, USA)S o831y, A1}
© B+ FEUAR YERlen, AaeE 95% (p<
Yol BAGE] el Lol AZslc) 7 =
A A X ZAHLA (one-way ANOVA)S AJfste] Fgf
, Duncan's multiple range testS ©]-83}o] 7t

o4 7ols Azshc

NEFE AFZNE, Aol 4T 2 AolAEEE
g A3k Aol FIRe 15 iol F2IT Aolt ket
U egkoLt, AFE7H Aol E&-S SDiZo] ND

e} §eI3i7 fgton, PSDito] DALt AF57)
St Aol HHEE BE $5H ek (Table 2).

REEE U ISP KE 2
G FAHAAYS SDIEo] ND-HTE 8.4% wqtow,

PSD0] SDHELE 6.3% Worout & 7ol &9l
ztol= gldeh & ¥ 2H 23 LDL-Zd| 2 H &2 SD
o] ND-Eth 3-2l5H &9ken, PSDo] SDERLE &
g AH20] 10.1%, LDL-Z2F AHS0] 12.2% Wront
§ojA el zlol= gigith HDL-ZH AHESLE 11x|HA o]
2 433}t SDZT} PSD B5F NDEH T} 80817 ot

oh BUEASE DAYAolS HHE SDE PSDE
B NDEHC fofalA Bom, £UEY A

ofgt WSk e 949ttt 11715 A1FQ] ASTR} ALT

£ 2g3b] 2i2el Hol7h fch (Table 3)

74e] A= in] Aol BAL mx|HHA]o]E A3t
SD} PSD % NDH T G931 =3ke

T A—"D

2459 Aol oI5 Wisks LhehbA] ghsth (Fig. 1), 3

Table 2. Effects of Sulgidduk containing pine needle juice on weight gain and food intake in rafs fed a high-fat diet

ND D PSD
Weight gain (g/day) 0.7 £0.2° 2.1 £0.2° 1.6 +£0.1°
Food intake (g/day) 18.5 = 0.2' 18.2 0.1 18.1 £0.3
FER (%)" 3.5+09° 11.3 +0.8° 9.0=0.7°

1) FER; Food efficiency ratio = weight gain (g/day)/food intakes (g/day)

Values are the mean = SE.

Significant different are indicated by different letters in a row at p <0.05 at determined by Duncan’s mulfiple range test.
ND, nomal diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice. NS: not significant

Table 3. Effects of Sulgidduk containing pine needle juice on blood biochemical parameters in rats fed a high-fat diet

ND SD PSD

Triglyceride (mg/al) 56.0 + 2.7 60.7 + 3.6 56.9 + 4.7
Total cholesterol (mg/dL) 120.9 + 4,39 189.9 = 8.0° 170.7 = 10.4°
HDL-cholesterol (mg/dL) 69.7 + 3.2° 37.0 = 2.2° 35.7 = 3.4°
LDL-cholesterol (mgy/dlL) 40.1 = 3.8° 140.8 = 9.1° 123.6 = 11.5°
A 0.8 +0.1° 4.2 +0.4° 41 +07°
AST (UL) 54.3 + 32" 55.7 + 6.1 50.8 + 4.4
ALT (UL 42,0 50" 482+ 35 418+18

1) Al; Atherogenic index = Total cholesterol-HDL-cholesterol/HDL-cholesterol

Values are the mean = SE.

Significant different are indicated by differences letters in a row af p < 0.05 at determined by Duncan’s multiple range test.
ND, nomal diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice. NS: not significant
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Fig. 1. Effect of Sulgidduk containing pine needle juice on liver
weight (A), liver triglyceride (B), liver total cholesterol (C), and fecal
figlyceride (D) in rats fed a high fat diet. Each bar represents the
mean = SE. Bars with different superscript lefters are significantly
different at p < 0.05 by Duncan’s mulfiple range test. ND, normal
diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle
juice

H
[]

w
1

1

SREBP2 mRNA expression
(fold change)
N

o

ND SD PSD

Fig. 2. Effect of Sulgidduk containing pine needle juice on hepatic
mMRNA levels of SREBP2 genes in rafs. Each bar represents the
mean = SE. Bars with different letters are significantly different at p
< 0.05 by Duncan's multiple range test. ND, normal diet; SD,
Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice

o] FAAY 9 F ZY2AHE T2 SDo] NDEE T}
o5k ke, PSDHO| SD—TLEIq- A Z|Hro] 14.4%,
% Y 2HZ0] 202% FJ5HA @oltt (Fig. 1B,C). &
o] S/AY-S SDo] NDIEETE 17.4% E3ou 72
ZQl Zpoli= ¢llem, PSDo] SDR T} 14.8% =3
U 9249l Apol= gllek (Fig. 1D). 1He] Z2EHE
AeA]S =251 = SREBP22] 444} 4H&-2 SD7-o] ND
TR oA =ken (p<0.05), PSD-E ND- =
£9] SREBP29] {37 WS YERHGITH (p<0.05)
(Fig. 2).

Ill?l

A0 2t RE9| X|EutEtE
FA+o] TBARSE SDito] NDitiRth §-90l814 =910
o, PSDo] SDFEL} 7.7% Hokont §2129] Aol
Ak 7F 222 TBARSE SDo] NDFEL}F 57.3% =
oLt GojAel Aol $19lom, PSDES SDILECT}
20.0% Srout frolAel atel= itk (Table 4).

5} &M
o] NDHt} 7.7% 2rom, PSD
L2 NDit 22 =208 SPDLRT) 19.8% =2 2
s Hlou Fo4¢ Zpol= ST A, 1+ 229
GSH-Px &4 SD+0] NDILE T} 15.5% ket wha,
Gojzel ol giglot PSDE] 7+ 222 GSH-Px
2ol SDHTE 19.6% & 3S Uehfigich 1+ 24
2] Mn-SOD &4-8- SDo] NDHt} 31.0% 32|51
wrolo | PSDto] SDLETH 21.5% -5-2]51A] &9kch o]
o} up7HA 2 7F 22]9] Cu,Zn-SOD &AL SD+Eo] ND
TR Th 15.5% @okom, PSDito] SDtRch 10.7% 9k
o FoAQl Apol= ST 1F 22 9] CAT /4> SD
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Table 4. Effects of Sulgidduk containing pine needle juice on plasma and hepatic lipid peroxide level in rats fed a high-fat diet

ND SD PSD
Plasma TBARS (%) 100.0 + 3.1° 117.6 + 5.2° 108.5 + 4.1%°
Liver TBARS (%) 100.0 = 14.1™ 157.3 = 38.3 125.9 = 24.4

Values are the mean = SE.
Significant different are indicated by differences letters in a row af p < 0.05 af determined by Duncan’s multiple range fest.
ND, nomnal diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice. NS: not significant

Table 5. Effects of Sulgidduk containing pine needle juice on antioxidant stafus in plasma and liver in rats fed a high-fat diet

ND SD PSD
Plasma
ORAC (1 uM TE" 100.0 = 6.21" 92.3+9.7 110.6 = 16.1
Liver
GSH-Px (% control) 100.0 = 10.1° 84.5 + 4.1°° 67.4 +5.9°
Mn-SOD (% control) 100.0 + 3.4° 69.9 + 4.6° 84.9 + 4.5°
Cu,Zn-S0D (% control) 100.0 = 25.0 69.0+125 76.4 = 15.4
CAT (% control) 100.0 = 4.3 92.0 = 3.1° 110.0 = 2.4°

1) TE; Trolox equivalent

Values are the mean = SE.

Significant different are indicated by different letters in a row at p <0.05 at determined by Duncan’s mulfiple range test.
ND, nomal diet; SD, Sulgidduk diet; PSD, Sulgidduk diet containing pine needle juice. NS: not significant

To| NDZHLh 8.0% Serovt fejaiel Aol glole el Age] that Balat Bsh) BeiE soz Bu
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