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Abstract

This study was designed to investigate the effects of ethyl acetate (EtOAc) fraction of pine (Pinus densiflora Sieb et
Zucc) needle on membrane fluidity (MF), basal and induced oxygen radical (BOR and IOR), lipid peroxide (LPO)
and oxidized protein (OP) as a oxidative stress, and lipofuscin (LF) in brain membranes of Sprague-Dawley (SD)
rats. Male SD rats were fed basic diets (control) and experimental diets (EtOAc-25, EtOAc-50 and EtOAc-100) for 45
days. MF was significantly increased (about 10%) in mitochondria of EtOAc-100 group. BOR and IOR formations in
mitochondria were significantly inhibited (about 9~10% and 17~24%, respectively) in EtOAc-50 and EtOAc-100
groups, while BOR and IOR formations in microsomes were significantly inhibited (about 12~17% and 12~16%,
respectively) in EtOAc-50 and EtOAc-100 groups compared with control group. LPO levels in mitochondria and
microsomes were significantly inhibited (about 9~12% and 12~19%, respectively) in EtOAc-50 and EtOAc-100
groups, whereas significant difference between OP or LF levels and control group in these membranes could not be
obtained. These results suggest that administrations of ethyl acetate fraction of pine needle may play an effective role
in an attenuating an oxidative stress and in increasing membrane fluidity.

Key words — Pine (Pinus densiflora Sieb et Zucc), Lipid peroxide (LPO), Oxidized protein, Carbonyl group, Membrane
fluidity(MF), Lipofuscin (LF).
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Ao AHE £ FE2L AT (Pinus densiflora Sieb
et Zuce)9] 29E A o) 49 BAY AEAEFL5
A &Asd B3 F F(85 kg), 80% methanol2H F3-
FEW Y FEEQ21kg)E S EER 1} EtOAcH
2g £2-Azad 200 & 2esel A7) AL
FE AL Sprague DawleyZ HE (male : 160110 g)&
gEeGATLANN Y] AP AFHAL AL Y
APzae Y 18: 00 AtES B THAAG B2
AL AERE (2+2°C 6542% RH)H 1, BYE 12
A7k AbolZ (18:00~06:0002 2AHY. d¥Alge 24

A H[8]9} o] ZAFH SDA HE 4545t F 3}
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335 2Ed 20 1]x)& £ (Pine Needle) ol dotAl o] EZE | Fgk

pH 74)& AHg, #A3e thg 700X gol A 1083t qay
Zatd g AzdS A 9,000 goll A 1583 A4 &2
gtk o] W A7 e T2 $F§N02H P L

oA 6087 GAEEsI A& FAE 2L AFEAeR
A 435}o] microsomedFE 0 2 ALE3IQAT o5 HE ©
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mitochondria @ microsomed &52] A ¥x9
FF5AMF)S 83 probezA <] 1,6-diphenyl-1,3,5-hexa-
triene (DPH)S AF&-3F Heron 59 HHy [11]e} 93+ 3%
pawoz Z2A3Qck 50 mM QAgEEA(pH 72,
2,750 pl), Z§4(250 ul), A £(100 pl)E H7}- EFste} 37
T & 2o 587 ¥Ag -, probeql 0.167 mM
TMA-DPH[1-(4-trimethyl-ammoniumphenyl)-6-phenyl-1,3,
5-hexatriene, p-toluene-sulfonate] & & 6.67 uls 7}
g8t 37C g2 52 shakingdhd A 30E7 ¥
A7) 37T FASEA FRFEAE o] &8t 360 nm
(excitation) ¢} 430 nm (emission)oll A 3738} 4.

712 o REitasicizte) Fat
HzA 29 A3FH AEH2(oxidative stress)d] FF
2 #93}7] 984 DCE-DA (2,7-dichlorofluoresceindi-

acetate)& probe® o] &3 A ¥ mitochondria®} mi-
crosomed B ¢] 7)Z g A4k (basal oxygen radical : BOR)
o BA e AL Lebel 59 Wy [17]0] wet AR [8]
9} e wo g AFIAT

@7 %27 79 HHAYLPO)S) FE Choi 59
u [2]e] whel £33 % A (Luminescence Spectrophoto-
meter, Aminco-Bowman, US.A)E Al§3lo] TBAY LR
221 4 d 3] =(malondialdehyde : MDA)9} & &4
sto] LPOY] gFoz At EF HZ%9 mito-
chondria®} microsomes® & 2] 2talgl o] 22 Levine
E 9] uh [19]9] wa} carbonyl groupd) A4 HES S48}
Ak
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=3 dA2 A g EF4l(lipofuscin)g] &4 & Fletcher %

o 4 [10]o] we} 229 HH FEFH LES AAT
F %2 0.2 gol chloroform-methanol(2:1, v/v) &
A 40 mlo] M7t & 187 dZSAIF dAEFso
chloroform¥ 2.0 mlE £33t FJAZAE AL, 345
nm (excitation)$} 435 nm (emission)o] M EFE Y (qui-
nine sulfate pg/ml of 0.IN H;S0) & tiz7o 2 35
Z7eto] JEFAe] FF(ug/mg protein)& A FAT

FMZDel EAH X2

2 479 BE A4894% 54 Aty 3EAd ®
FHAE Adstdon, 2+ A3y foAH AP L
Student’s t-test [24]8 A A3t T}

gt o o3

b x=Fo| MEL FSM "Wt

HZAFY AHESAAMY E37 F4 [21], GABA (7-
aminobutyric acid)¢] Ag [25] 2 AGEL W3 &4
Ao G3H13] & A Y AFALG AMELY F54
< g F83 988 & Aoz JigEd 4F Fr19
o A 4L vAE Aeg ¥ HxH AR
9] $54)(membrane fluidity : MF)oll v]x]& €9 EtOAc
Bo| ks Hlwale] B Table 13} 2Th EtOAC-25,
EtOAc-50 @ EtOAc-1005 4189 %32 mitochondria
A4 MFe 4511017, 4727029 2 48910.28% polar-
ization® 24 tjZ2115 9 MF (449+0.32% polarization :
100%) wi¥®l 242 1004%, 105.1% 2 108.9%<] S71E% =2
et AT, $e)Ad e EtOAc-1005F o 2o A gk ¢k 10%

7} AR H At w3 3 ZF 2] microsomeE A= o] 5
EtOAcEHE 9] A 7HA TN BF 922 MFY
Z7VESRE 7|HE § T oy T AL £H FEE
(PNE) R 9}= A3 & Z%E veplx YA,
2 HE $9o MFY F713%% A9 22 A% Uehd
I AAHS] =gt HzA 9 BuOHEE 7o vladAe
mitochondria % microsome®] F &4 oA thzto] EtOAc
gEud aRAHAS ¢ & AUHI] debA Hut 1 =
2} Fol A MFe] F7ta e &9 EtOAcg o] oz
T Aol dFHUT

71z ¥ Seaseicge Bt

A 2kA (oxygen radicals)= AJ Ao ojgk f3ldt =4
FAEZA, olAo] Maute AFAFRo G Td g it
< FAst A8 1A AE fEdta =58 F3de
A2 @A AvH21,34] ety SDA REA Wi &
A EtOAcE # 9] oo 93t 7|2E A 4 (BOR) 2 *&
942 (I0R)S] Ao vl & 43g T35 & 22

d
+= Table 29} 72t} EtOAc-25, EtOAc-50 2 EtOAc-100 %
&} 1.2 9] mitochondria® £} A BORS] A2 8.11+0.75,
7.80+0.62 % 7.7110.38 nmol/mg protein/minZ A o=
Z1E(8.59+0.44 nmol/mg protein : 100%) ti¥] Z+Z 5.6%,
92% 2 102%] £FelZ2A 02 BORY AAL A5
A%, EtOAc-50 @ EtOAc-100 o 120 A9t 9.2~10.2%
o] £ BORY A4 AAaFH7} A AT

Microsome 3 £ o] A = BORe| AJA-&.1.80+0.07, 1.60+
0.08 ¥ 1.51£0.12 nmol/mg protein/min®. 2 Z1F
(1.81+0.05 nmol/mg protein/min : 100%) tiy] 242+ 0.6%,
11.6% 2 16.6%< BORY A4 A&7} epdAg
EtOAc-50 ¥ EtOAc-100 o1& A5t 11.6~16.6% 2]

Table 1. Effects of pine needle ethyl acetate fractions on membrane fluidities in brain membranes of SD rats for 45 days

Fractions Control EtOAc-25 EtOACc-50 EtOACc-100

Mitochondria 449+032 4511017 472+0.29 4.89+0.28°
- 100.4% " 105.1% 108.9%

Microsomes 461+022 4.63+0.15 4.68*t0.14 482+0.16
- 100.4% 101.5% 104.6%

EtOAc-25, EtOAc-50 and EtOAc-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to control diet; "Mean+SD with
7 rats per group; Percent of control values; *p<0.05 compared with control group.
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Table 2. Effects of pine needle ethyl acetate fractions on basal and induced oxygen radicals in brain membranes of SD

rats for 45 days

Oxygen radical formation (nmol/mg protein/min)

Groups

Mitochondria - Microsomes
Basal oxygen radical (BOR)
Control 8591044 - 1.81+0.05 -
EtOAc-25 811+0.75 94.4%" 1.80+0.07 99.4%
EtOAc-50 7.8010.62° 90.8% 1.60+0.08° 88.4%
EtOAc-100 7.71+0.38° 89.8% 151+0.12° 83.4%
Induced] oxygen radical (IOR) )
Control 20.83+1.62 - 7.21%0.11 -
EtOAc-25 19.12+1.11 91.8%" 7.02+0.31 97.4%
EtOAc-50 17.27+1.66° 82.9% 6.340.26° 87.9%
EtOAc-100 15.84+0.96° 76.0% 6.05+0.80° 83.9%

EtOAc-25, EtOAc-50 and EtOAc-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to basic control diet; ‘Mean=SD
with 7 rats per group; Percent of control values; *p<0.05; *p<0.01; p<0.001 compared with control group.
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o] BOR % IORZ H]%3}o] superoxide radical (O )4
hydroxyl radical (-OH)9] ¥4 5% 2AHEZ9 A2
Q3] 229 €% BA8A7 (lipid peroxide : LPO)2]
A, deA HRo FA o3k A3tehEl A (oxidized
protein: OP)8] A4 % e FHd & QW ol(muta-
tion)o] M4 5L £ 4 Utk wEA olE 3 H 2EY
29 Yrte LPOE EYYH 8= (MDA), tHsidid e
7t2Hd1E(>C=0 group)®] 4 Z A4t9] 4hshe 8-
OHAGY A FE S43t B7HE + AH23]. Al£%9
AZo] &AL A9 FAE vro} AtE o A== LPO
© 283 AE54 fjFo] 420 (chronic degenerative
diseases)¥} =3}19] AR EAZ A UvH27-28]. EtOAC
i F99 93 {2359 LPOY A4 viAe 9
8-S vlwste] B Table 33 2t}

¥ 229 mitochondriad 54 EtOAc-25, EtOAc-50,
EtOAc-100%9) 159 LPO9 A e 417£0.17, 3.98+

Table 3. Effects of pine needle ethyl acetate fractions on lipid peroxide (LPO) of brain membranes of SD rats for 45

days
Fractions Control EtOAc-25 EtOACc-50 EtOAc-100
Mitochondria 435+024 417+0.17 3.98+0.19° 3.83+0.09°
- 95.9% 91.5% 88.0%
Microsomes 1.46+0.12 1.40+0.07 1.29+0.06° 119+0.12°
- 95.9% 88.4% 81.5%

EtOAc-25, EtOAc-50 and EtOAc-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to basic control diet; Mean+SD
(nmol/mg protein) with 7 rats per group; Percent of control values; "p<0.05, "p<0.01; p<0.001 compared with control group.
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Table 4. Effects of ethyl acetate fractions on oxidized protein (OP) levels in brain membranes of SD rats for 45 days

Fractions Control EtOAc-25 EtOACc-50 + -EtOAc-100

Mitochondria 14.59+0.88" 1424t1.26 13.91+0.61 13.7410.94
- 97.6% 95.3% 94.2%

Microsomes 4431032 4.29+0.17 421013 403+037°
- 96.8% 95.0% 91.0%

EtOAc-25, EtOAc-50 and EtOAc-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to basic control diet; “Mean £SD
(ng/mg protein) with 7 rats per group; *Percent of control values. *p<0.05 compared with control group.

Table 5. Effects of pine needle ethyl acetate fractions on lipofuscin (LF) levels in brain of SD rats for 45 days

Fractions Control EtOAc-25 EtOAc-50 EtOAc-100
CHCl; layer 1.45+0.07 1.44+0.04 1.42+0.05 1.35+0.06
- 993%" 97.9% 93.1%

EtOAc-25, EtOAc-50 and EtOAc-100; ethy! acetate fraction of 25, 50 and 100 mg/kg BW/day added to basic control diet; Mean+SD
(ug/mg protein) with 7 rats per group; Percent of control values.
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