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Effects of Pine Needle Ethyl Acetate Fraction on Acetylcholine(ACh)
and Its Related Enzymes in Brain of Rats
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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 cholesterol and lipofuscin (LF) accumulations, acetylcholine (ACh) and its related enzyme activities
such as choline acetyltransferase (ChAT) and acetylcholinesterase (AChE), and monoamine oxidase-B (MAO-B)
activity, which destroyed the catecholamine related neurotransmitters in brain membranes of Sprague- Dawley (SD)
rats. Male SD rats were fed basic diets (control group) and experimental diets (EtOAc-25, EtOAc-50 and EtOAc-100)
for 45 days. Cholesterol accumulations in mitochondria and microsomes were significantly inhibited (11.8 — 12.1%
and 9.6 — 13.0%, respectvely) in EtOAc-50 and EtOAc-100 groups. ACh levels and ChAT activities were significantly
increased about 10% in membranes of EtOAc-100 group compared with control group. AChE activities were significantly
increased about 8§ — 12% in membranes of EtOAc-50 and EtOAc-100 groups compared with control group. MAO-B
activities were significantly inhibited about 10% in membrane of EtOAc-100 group compared with control group. These
results suggest that ethyl acetate fraction of pine needle may play an effective role in inhibiting cholesterol and imp-
roving a membrane fluidity, and learning and memory impairments. (Korean J Nutrition 37(2): 95~99, 2004)
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AT EA PHFY XA 9 ki didtel] @t A
T, wAzeke] AkaeiZ 9 A A G BeE AT o
AEere) §54 9@ ARAGHE AL B AFE 5
Bet Ho| Qlrt. & AT A wdpge] dhE o
T EA AR £9 EtOAcHEY Agy #Ed
T dgloR £98 80% WEEEAN FEI U F
=3 £ FEET SR ol et 83t ethyl ace-
HE| 45U Foidlo] AET HERAFHRT-S ARSI F
HAHES High B EFAY A AExeke] 54 9 Al
AAGHHEFA2A acetylcholinesterase (AChE) % mo-
noamine oxidase—B2] Aol vl £ ethyl acetate
(EtOAC) 8+9] 93-S Hriste] fo2l AaE 7]
o Byt

Mz X S

1. MEsE ¥ TiNE Y

Sprague Dawley Al #E (male: 160 + 10 g) & 3+=3}
FAFLoMM FH3I] £ ATl ARSIt A 2 A
z7e w2l 18 : 000 ALES} B8 ZIARL, EEAS
AL AFZFE (22 £ 2C;65 £ 2% RO HNT, EY:E
12217k AJolE (18:00~06:00) 2 Zd53ich Adef A}
23 7|BALE (control) & FA4-& €485 58.0% (corn
starch 45.0% + sucrose 13.0%), @2 18.0% (sodium—
free casein), X3 15.0% (ard) 2 331, vlela o &
714 EFE 247 1.0% 2 3.5% Frleksla, AFEes
(3.0%), DL~methionine (0.3%), choline chloride (0.2%)
£ 7L, o7)e) nFdAHE 58 =357 Hst
o3 cholesterol 0.8% % sodium cholate 0.2%% &7} -
st} ARG T2l 38052 £29 EtOAcH
£2 25 50, 100 mg/kg BW7F 232 5 JEE 7)EA}
Foll 37} z2ABRs WA 1 A7 9 derglEel A Al
olety APL AR E ZAsle] SDA| HE| 45UFN F
it} FEAES AT

2. £9° EtOACHRS 2Y

ARe wet g ARE £9 FEES B &Y
5 (Pinus densiflora Sieb et Zucc.) 9] €4& At 44
A AsistaT Aol 3 (2 sled sRIF ¥ (85 ke),
80% methanol®¥ % - 5% &Y FE5 Q1 kg) &
SR ulg} EtOAcES- 200 g o] FAAZS]
& A¥ef ARgsISit

M(1.15% KCI/10 mM phosphate buffer/5 mM EDTA,
pH 74)& AHE, €233 v 700 X golld 1083t 94
FEsto] I A5AS thA] 9,000 X golld 1583 A%
gt} o] u 47 e 7 iAoM) Agslo]
mitochondriaZ &0 2 81311, 445 thA] 105,000 X g
oA 607 AEEs] B2 WMIE T dFdde
2 83849 microsome# R0 F ARSI o, 1 A5
& cytosolE# 07 AMgEI3ITh

4. BY EE Yoy 58

HxH LT FHULHE 2 Rudel 5 ¥l
w2} o—phthalaldehyde® 22 Z73lol BF @Al o
71 HxHYEF FU2HEY FFE FHHA ol
7o GAL Lowry 59 ™ol whet gaFsiqint.

5. BEFN B 5%

AU 712 el 71sAs] el it 2 A
k] Fogk B AM-HD e 2ERA (lipid per-
oxide: LPO) ¥} ©ralzle] Aol 2Ja] )34 (lipofuscin)
o] A== FoE dEjA Yok A =LA R U
A BEZFAC] 242 Fletcher 59 W™l ujg} 274 -
sk

6. AChE % MAQ-B &9 &3

HZA Z£9] acetylcholinesterase (AChE) 2] 8412
Hallak$} Giacobini®] ¥' el ul2} £A843 37, monoa-
mine oxidase—B (MAO-B) <] 842 Kalaria 5479} ut
Hell w2t H.0,¢ WS 7125 FFesith

7. BT A
2 Q79 BE A3 23 A Asel FEA9 £
F BAS ANson, 2 4YEVY KA AL

Student’ s t—test™ 2 AAI3}5ic}
ot o %

1. H2NFY S HIES| g}

EtOAc—25, EtOAc—50 2 EtOAc—100 o159 ¥
%A% 2| mitochondria %8 FeAHEY a2 247}
56.34 + 3.54, 53.18 + 2.25 2 52.99 + 3.04 mg/g pro-
tein® 24 2IEY FelAHZES de(60.31 + 2.92
mg/g protein: 100%) th¥) 93.4%, 88.2%, 87.9% %A,
247t 6.6%, 11.8% 2 12.1%2 £FAE30 Fe 2 HE



9] &3 AA a7} EREARE f-24d2 EtOAc—50 9
EtOAc~100 FoA1EIMT AUk =8 o]F EtOAc
AR 5159 HEF £ microsome ¢ T AH
29 3lake 77} 23.82 + 1.62, 23.64 + 1.36 Y 22.75 +
1.59 mg/g protein®. 24 thZI1F9) e AH|E2] gk
(26.15 = 2.55 mg/g protein: 100%) tiH] 91.1%, 90.4%,
87.0%2A, 247} 8.9%, 9.6% 2 13.0%2 ZdAHEZY
3 AAZ 7} YEREA DY, mitochondria EHelx ¢} v}
A Z FA4E EtOAc—50 2 EtOAc—100 o115
oA gt FHAHES AAaA} Pk

AP Flo} 2ANEZS FHAHEQ] TS A9
S7keh @A Frveke Zog LA dARE ZEE] A|$h
of oA 24 Fo] FHAHES Fo] Ao 7}
2HE RoF deA Juh 18A £ EtOACE R Y
o7} HzAFe FHAHEY] HEE Jdd] fAHo

AA = AP w§- FrRE Apde] ofd 5= glth

2. SITAFY ATENC| 1}

g wEe ORre) 271N AEE A ipo
fuscin: LF) ¢ ke el wet frojde2 7k7) o
o] LF2} Z4o] w-5}e] A#7k 91 ek WA 7]
o) QRS = o QA HxA 29 LFe] A3

w4 E B ek 37(Q) 1 95~99, 2004 /97
A= $9 EtOAcE ] 43E vlwste] BH Table 2
9} 7k =z FolA EtOAc—25, EtOAc—-50 % EtOAc—
10051 18¢] LF2 #2742 1.44 £ 0.04, 1.42 +
0.05 % 1.35 + 0.06 pg/mg protein® 24 thZ2T1F2]
LF9) 3zt (1.45 + 0.07 pg/mg protein: 100%) tiw] z+
7} 99.3%, 97.9% W 93.1% 24 EtOAcEH] g3o&
How LF F& AAanrt veptAet, fadL AH
& 4= Qlgin). ol2dt ARl &9 F2E (PNE) Foioh=
A3 o %S velda 2ol PNE] 3% LFY
A2k oA Ho] o] FRe Eof Ao i AT
7} ZegE]ofof 3 Ao 7 AztEr]

3. MBEMEEN ACh ¥ T gz o &Y Tt

HxA BE AFAREA AT RN ELRA
acetylcholine (ACh)& A2~ (synapse) &+ A'd
ARG AR FoF AFHAGELZ dA Ut
HAIAA Y EAR0)A ACho] APEAA TdoA] Fiu
HH 370] AYAT A9 Ajlste] A7 A EAR]S]
A=2E Agd) gy A 2 9 AFo] AHAE 3 A
23}7] Aol A1 9 2F=EA]el] #H]E AChS acetylcholin-
esterase (AChE)ell 2Jste] 7hpisl|s]ofo} girt. 1qiw]
ACh9] sk} M as2M choline acetyltransferase

==

Table 1. Cholesterol levels in brain membranes of SD rafs fed pine needle ethyl acetate fractions for 45 days

Control EtOAc-25 EtOAc-50 EtOACc-100
Mitochondria 60.31 = 2.92* 56.34 + 3.54 53.18 + 2.25° 52,99 = 3.04°
(mg/g protein) 100.0% 93.4%** 88.2% 87.9%
Microsomes 26,156 + 2.55 23.82 + 1.62 23.64 + 1.36° 22.75 + 1.59°
(mg/g protein) 100.0% 91.1% 90.4% 87.0%

EtOAc-25, EfOAC-50 and EtOAc-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to control diet, *Mean + SD
with 7 rafs per group, **Percent of control values, °p < 0.05, "p <0.01 compared with control group

Table 2. lipofuscin levels in brain membranes of SD rats fed pine needle ethyl acetate fractions for 45 days

Control EtOAC-25 EtOAc-50 EtOAC-100
Homogenates 1.45 = 0.07* 1.44 - 0.04 1.42 + 0.05 1.35 + 0.06
(2 g/mg protein) 100.0% 99.3%"* 97.9% 93.1%

EtOAC-25, EFOAC-50 and EtOAC-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to confrol diet, *Mean + SD with

7 rats per group, **Percent of control values

Table 3. Acetylcholine and its related enzymes in brain membranes of SD rats fed pine needle ethyl acetate fractions for 45 days

Control EtOAC-25 EtOAC-50 EtOAC-100
ACh content 11.04 = 0.89* 11.44 1 0.62 11.50 = 092 12.20 + 0.84°
{ng/mg protein) 100.0% 103.6%:" 104.2% 110.5%
ChAT activity 153+ 0.14 157 + 0.06 1.58 = 0.11 1.69 = 0.08*
{unit/mg protein/min) 100.0% 102.6% 103.3% 110.5%
ACHE activity 182.70 + 12.45 189.72 + 13.41 197.64 + 11.54° 20451 + 13.10°
(unit/mg protein/min) 100.0% 103.8% 108.2% 111.9%

EtOAC-25, EYOAC-50 and ETOAC-100: Ethyl acetate fraction of 25, 50 and 100 mg/kg BW/day added to control diet, *Mean + SD with
7 rafs per group, **Percent of control values, “p <0.05, "p <0.01 compared with control group
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Table 4. Effects of pine needle ethyl acetate fractions on monoamine oxidase-B activities in brain membranes of SD rats for 45 days

Control EtOAC-25 EtOAC-50 EtOAC-100
MAQO-B activity 2,62 £ (0.22* 2.54 + 0.09 245+ 014 237 +011°
(nmol/mg protein/min) 0% 96.9%** 93.5% 90.5%

EtOACc-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

(ChAT) S &/go] 79 Al ¥ HAFENN A%
7 Fashe Zor deA b w3 AChES] 84
5 AChS} RV E asithis AR E 8|2 9ok

uiebr] 2259 AChe ¥%, ChAT % AChES] €4
of u]Ai= £9 EtOAcER2)d%-2 vliwsl] B Table
33 Zt} EtOAc-25, EtOAc—50 ¥ EtOAc—100%¢]
59 HxAFY AChe] &3 1144 + 0.62, 11.50 £
0.92 9 12.20 = 0.84 ng/mg protein® A FI1F
(11.04 = 0.89 ng/mg protein: 100%) tiv} 103.6%,
104.2%, 110.5% %M 47 3.6%, 4.2% 2 10.5%2] &
FgoEdoz F718t5A 5L EtOAc— 1005 25 fA
11%2 felido] A=A o|F EtOACE RS A 714
FoJaF9 AChe Ao #sh= ChATS 84 &
gelEAog Frlskal AIRE, EtOAc—1005F9 1& A
Tk ok 11%9] frelAdo] A=A EtOACc—25, EtOAc—
50 ¥ EtOAc—1005F01152 AAdgd a3 #Hojs)
£ AChES 348 189.72+13.41,197.64 £ 1154 2
204.51 £ 13.10 unit/mg protein/min2. 24 & 1§29
AChES) &4 (182.70 + 12.45 unit/mg protein/min:
100%) ti®] 103.8%, 108.2%, 111.9%2A 2zt 3.8%,
8.2% % 11.9%2A EtOAcER2] £342&EH0F AChE

o B4ol F7hHn Y-S & F AU

4, AR B2 MAO-BS &Y M1t

Monoamine oxidase (MAQ)& F&°l del X 5o
omA Atgtolu} F O Huf FY oA AF e wet F
7RIthe ARdo] ¥hslA] Qltk” o] a4+ T3l (DA)©]
U AZEY (5-HT) 9 I dpRIEEZA 2=y
59 FHEIZotNle Alglele] mEsh= A4 44 9l
tl. £3] MAO-BE HAHZulolr A A G- 2A 2h8-3}
T 7HEIEoE sl wliEe] MAO-Be #4557k
AL HE Aoz A okt H22F4 MAO-B
Ao mX= £9 EtOAcEHR 2 J3FS nwsl) By
Table 48} Zt} EtOAc—25, EtOAc—50 ¥ EtOAc—100
Fol1go HzzZ MAO-B 42 254 + 0.09,
245+ 0.14 9 237 +0.11 ng/mg protein® 24 1
£2] MAO-B 84 (2.62 £ 0.22 ng/mg protein: 100%)
v] &R o2 AAEIAARE, EtOAc—-1005%9 15

gt <F 10%2] MAO—B &/3& oAlsh= freAde] 1A
=gic}. WebA €9l EiOAc 19 FoiE Hz2A59] JhH|
FoA AAE-E vshs MAO-BY &4& adzo
2 AT 5 S Ao= Jgdrk

(o] OF
i =

29! EtOAcEES 8 25, 50, 100 mg/kg BW=EX
SDA RE] 45UFRt Fojsle] HEAERY] FHAEHE
2 lipofuscin (LF) 2] A&} acetylcholine (ACh) ¥ ACh
9] §Md &4 choline acetyltransferase (ChAT), MZAE
of Boydh= FEA acetylcholinesterase (AChE) 2 841,
FHelEoIAl A73-dgE4d Y 92|54 monoamine oxi-
dase—B (MAO-B) 9] &4l t)xl:= 93-S Hrsidch
%2 9] mitochondria 3 microsome&¥-F2] FdA
Bl Z0] EtOAc—50 ¥ EtOAc—100%Fo] 2 &M% #9
<l 11.8~12.1% ¥ 9.6~13.0%% A& dAa7} Q
JEAAGE, LFE & EtOAcE R FoaFdA 79
A Az AAAFAE AFT F UATE H2AFY A

4427 ACh) ¥ W AChe] YHEL ChATS)
e BIOACHES] §3EH 0 7K go] ehg
%, EtOAc—100Fo1 1HAMT Tl o 10%2) %)
4ol Z7Eh QRIS Ee HEAFe) A3AYel
@ASHe ACRES) SAE EtOACERS) gapoj@sow

Z7HAA o] YEld A, EtOAc—50 ¥ EtOAc—1005%9
aEIMRE 8.2~11.9%9] 72 F7ta#r AR
t}. Catecholamine?] A7 ABEAS] a4 MAO—
B9 &4 EtOAcEEY §F&dor AAHAIRE
EtOAc—100F0 1§ olX sk & 10%S] f-2ide) 173
Atk meb £29] EtOAcER-e] Fol= Fu~eEe] 3
25 AAlsie 7]l - ST AAHGER 9 #Adaso
Aol vl FrEstAl 288 5 g Ao Jd"ch
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