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Investigation of Anti-aging Effect and Determination of Chemical Structures

of Pine Needle Extract (PNE) through the Animal Experiments
|, Effects of PNE on Oxygen Radicals and Their Scavenger Enzymes in Liver of SD Rats
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Abstract

These studies were designed to investigate the effects of pine (Pinus densiflora Sieb et Zucc.) needle extract (PNE)
on oxygen radicals and their scavenger enzymes in liver membranes of Sprague-Dawley (SD) rats as a study on
investigation of anti-aging effect and determination of chemical structures of PNE through the animal experiments.
Male SD rats were fed basic diets (control group) and experimental diets (0.5% and 1.0%-PNE group) for 6 weeks.
There were no significant differences in hydroxyl radical (-OH) formations of liver mitochondria and microsomes in
0.5%-PNE group, while -OH formations were significantly decreased (10% and 18%, respectively) in liver
mitochondria and microsomes of 1.0%- PNE group compared with control group. Microsomal hydrogen peroxides
and cytosolic superoxide radicals were remarkably decreased (20% and 20~25%, respectively) in 0.5% and 1.0%-PNE
groups compared with control group. Mn-SOD activities in mitochondria were significantly increased about 10% in
1.0%-PNE group, while Mn-50D activities in microsomes were remarkably increased (16~20%) in 05% and 1.0%-PNE
groups compared with control group. There were no significant differences in Cu, Zn-S0D activities of liver cytosol in
05% and 1.0%-PNE groups, while glutathione peroxidase (GSHPx) and catalase (CAT) activities were significantly
decreased (28~30% and 15~30%, respectively) in liver cytosols of 0.5% and 1.0%-PNE groups compared with control
group. These results suggest that these PNE may play a effective role in a attenuating a oxygen radical formations
and increasing a scavenger enzyme activities

Key words — Pine (Pinus densiflora Sieb et Zucc.), Oxygen radical, Scavenger enzyme, Superoxide dismutase (SOD),
Glutathione peroxidase (GSHPx), Catalase (CAT)
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MNoE

2B (Pinus densiflora Sieb et Zucc)e 434 Q4
24 fugE vEso F35, € 5 FEAW el
AAs Qo). AERE AT E QIRE)S s F
THE(RATE), W (IRE), $A(RE), AEAME) 52 7%
AFHFTAR) L2 g oj&Ho gk AUR FT)EAN
FYMEF)E (UFEZAMREAEL)YS] B A
REA A= AT, - F(R)E A88tL, 235 MY
A71e E& WA gtk e B83hd gol 7bEar, F54
gon, FY(RF)E AFTA = 7180] ATHEL., 1980)
(33]. 53] £ (HXPU(RmEFE) S EHoRRA o
B ‘&2 3 Azt AT nES A E T4
S AL £ AT FUL, (FARPCRE
EE)de “EBES Fibstn £5s YA 23S
B8 sle] $92 ARVD 71550l sleh, 198D)[32]
229 47l - 43eR ATEHE £ B7ole 8
AR A T, 10D[0], £ F5F 83 2 2
39 A% LAY 5, 196b[1819] Fol Y ®
olth 2ed] A2 £ 289 YLEH} A7 9l
tHKong et al,, 1995)[21].

AR T& AAY x3t9] w7tUE FHATY Yo
2 223 A3 F koo #3 A7E FH5o $oh(Choi
et al,, 1989; 1990; 1991a-b; 1994; 1995; 1996; 1998a-c; 1999;
Yu and Choi, 1990)[2-12,29]. E& £ 559 )84
ATEA 35 A 2 iz A FH F, 1997)
(13], HA =zt Sheidzd @ AAELY A AF(H
5, 19980)[14], R A xT F54 2 ARAGREAL
of T A7(H B 1998d)[151F +3F FHo| ik

E Ao e £ 92 80% A2 2H 80T oA 53}
o 749t - 533 £9 F22(pine needle extract : PNE)&
05% 2 1.0%7} 52 Hrlstd 24 A9 4 224
675t AL U, dEH 2 ol 32 AEF RS HHE
of FHEE AMEEte] TS @40 E F AARL

KR
MAE €9 289 9% BT
ME U

HYSE { ARz
Sprague Dawley (SD)Al ##(male rats: 160+10g)S 3

2 72 33

FEAGAF LN FY3e 237 dRIALEE U, I
3 8utEig 379 1R E Yo £Y FEEY HEH
FLe GBIt AL 2 AP2EL oY F 18:009)
A5 243 ¥ Hgg ARE AT U 9 AR
Bgg Hgstd AlR AAFE ANSAT FEASAEL
A% ZA(R+2C; 65+2% RH)E 2, §+L 1247k Afo]
2(18:00~06:00)2 AHE AW},

HHE MEZY

B Agd A3 7|2 AFE(control group)d] 24L& ©
F38}E 59.5%(corn starch 44.5%/ sucrose 15.0%), ©i3
18.0%(sodium-free casein), A& 15.0%(lard)Z 3l H 1L, o
Nl AF2o2(30%), MER 2 23 £4E 27
1.0% 2 35%% 7l -Eqsled zA 90t

aen 41024 05%-PNE 2 1.0%-PNE 189
AFR AL 7)BALR Y ZAM £H FE2ES 47 05%
2 10%E H7hehe BAl, @885 9 com starchE 7}
2t 05% F 1L0%TE EA9X 2A AT

&9 F& 3 M=o

B AYd) A8 &9 FE5EL Bo 2UF(Pinus
densiflora Sieb et Zucc)o} £9& HTEo H4 3%, 80% ol
BEEH F&-55F £9 % (pine needle extract :
PNE)S 5A7AZEI £UR yhgo] B A A3t}

§H DA E] £ A F(Choi et al, 1990)] ¥
W[3]9l we} HEPES$2-£94(10mM HEPES, 10mM KCJ,
280mM sucrose, pH 74)& A}&8te] nEZ = 2o}, vlo]2
2¢& 9 AESLHEo R FEHdto AMREgh o]E ¥
o] Ao gFe Lowry S(1951)9) why[23]e) oz} &
ATt

EAMA0 MRl =Y
(1) S=SA St B(OH)Y 83

Deoxyribose9] 31 A% 2 hydroxyl radical 44 Ax
E ZAste R A, TRYE Y WA AatiALE o)
o] deoxyribose7} T3 E| o] aldehyder} AWAIEH, o
aldehyde A4 A thiobabituric acid$} ¥Hg-3te
WA= A2 0] 8% Halliwell 5(1981)9) B [16]e] o}
2 =439
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248l A (hydrogen peroxide)e] A1 43¢ Thurman
S(1972)8) $HR8]e) T 782) microsomed E oA Al
A€ hydrogen peroxideo] ojate] AAEE B Aol
ferrithiocyanate 2AE 7122 400 mM 2QAbghZE 4ol
(pH 74) 400 4, 200 mM nicotinamide 200 4, 100 mM
MgCl, 200 pf, 50 mM NaN; 200 p09} A8 641 i, &
7359 wt H7}- £33 3 60 mM NADPH 200 s 37}
3t F 20 mizt HA 8o 37T & F2A 15831 7}
4171 F9 1.2 M TCA (trichloroacetic acid)& 1.0 ml 3
7}, 3,000 rpmel| A 1087 YA L3} FE4g 1.0 ml
#3tdt}. A& ferrous ammonium 200 A7} 3 25
M KSCN(potassium thiocyanate)-S 100 pf 2o] E331a)
Ao 108 FXHAT. ERBEAE o] §ate] 37 480
nmoll A FFEE 23l REAFN) 98 Fassa
(nmol/mg protein/min)*} & A F3IAT).

3) FHEAE grgde 234

HRHEZY £ SAE g2 (superoxide radical:
O, )9 A4 %E McCord 5(1969)2F Chan £(1974)9] 1
H[1,24]0] w}2} superoxide dismutase® JAG 4 Y=
ferricytochrome C9] P& E 233 Pt 01 mM
EDTAS 343 91419458 o(pH 7.8) 420 o] cyanides]
FE7} 50 uMo] T & 20 mM cyanide §4E 7}3 &
37TAA 1083t k23 Hh o] &) A EZ 300 wo}
01 mM cytochrome C 50 @S Yol EJJEAE ALE
550 nmol| X FFEE Azte] wel 238k oln cyto-
chrome C9] ¥& £AEFHAS 19,500 M'em™ 2 A)4kaiict.

BHMLE HAHRAS E4 5F
(1) FHEAE Y2FE LA (SOD)] 84

Oyanagui 5(1984)¢] $H[5]ol Ge} 43S A = o) »
F-E}o}Al (superoxide dismutase: SOD)¢] 4L 71343
B A5 4d(pH 82)0.2 308 2 343 &9 01 ml
o 54 05 ml, AX ¢ (52125 mg of hydoxylamine+
102.1 mg of hypoxanthine/250 ml D.W) 0.2 ml, BA| ¢} (20
#d of xanthine oxidase+0.9939 mg ethylene diaminete-
traacetic acid /26.7 ml phosphate buffer, pH 8.2) 0.2 ml&
A7b- EF3A 37T FeFzoM 4087 713 F CA

468 / Y 313t3)2)

¢k (300 mg of sulfanilic acid+N-1-naphthylethyene di-
amine acid/500 ml of 16.7% acetic acid) 20 ml& 7} &
ot AelA 2083 PG F EABTAES AL,
550 nmo A {FFEE SHst] BEHAFHA ) SOD
A (unit/mg protein} &35}

() 2REAE HSA oY BA

Lawrence 5(1978)9] wrH[22]¢] w} 340 nmojA
NADPHS| 728 £437] 918 Wyl o 48R A
EZM SFEAL 5L Aol (glutathione peroxidase:
GSHPx)9] #49] £H2 A¢349(03 M/40 mM
EDTA)2 2 108 3| 43}e] ALG-Eet. AP o Q1ibebe§
(0.3 M phosphate buffer with 40 mM EDTA, pH 7.2)
01 ml, 574 129 ml, 2656 mM sodium azide£%
(86.33mg of NaN3/50 m! of D.W) 0.5 ml, 294.37 mM GSH
€9 (452.34 mg of glutathione/5.0 ml of 0.3 M phosphate
buffer with 40 mM EDTA) 60 x4, 84 mM NADPH(35.0
mg NADPH/5.0 ml of 0.3 M phosphate buffer with 4.0
mM EDTA) 110 g, glutathione reductase(5 mg of GSH-
Re/1.0 ml of 0.3M phosphate buffer with 4.0 mM EDTA)
5 ml, 1 mM hydroperoxide 320 9} 3|4 € A EZ 30
£ A7kl 527 2 &S &, ERFTAE AHRE
340 nmol | FR=E 152 1402 28 23l BF
Ao 28] GSHPx ( ¢mol/g protein/min) 2] &4 7|
s

@) 7heetotAY €4

Rigo 5(1977)9] *[26]o & HBE YA siede
o}Al(catalase : CAT)EA 9] 242 AP Foll Qa8
(130 mM, pH 7.0) 250 ut, 284 330 i, BE 20 w0 15
mMe| 3Hskes g 900 wS A7) 527 B He o
+ 5 ERBEAE AHEEH 240 nm oA A7he] o)
g FA= ¥gtE 287 243 1 unite 187 F4ts)
T4 1 umol?] Z32 APt

jal

>

24Zte| FAIMz

2 479 RE 4¥2E $A A25] BEA} ¥
TUAE Ao, 4 P2 fod AR
Student’s t-test(Steel &, 1960)[27]2 A A&} Th



FEAYS 5 SURW FEYR Pesuz 2 L 72 oY

P NU b S
Hitaol MM AN ED
AF7HA =3l B3 AF2MEe Harman (1956)9]
‘Free Radical Theory'sll 7|28 F1[17), A9 43}l o
g HarsiA Al AEEAY g ke FA4 2
3ol AgEo} gy 1Y A, HZ o9 FAIF =3t
7l Ze] that 7P 2 A Yu (19962)2 Yu & Yang(1996b)
Z[30,31)0] A|¢tel ‘Oxidative Stress Theory'o] 3& Ao
7h Slck A 4alA 2EYAE fdse $444
o] YA mRe &9 F£EY FTE FHqA st
o Hgih
WA 7+ R ZF9 =24 g Zhydroxyl radical :
-OH)g] Aol viX e €9 FZ2E(PNE)Y] JFS wws}
o] H3tcKTable 1). Table 1614 HE wje} o] 213 9]
mitochondria8 oA 0.5% % 1.0%-PNE £415 9] -OH
9] A& 247} 15.26£0.36, 14.84+0.25 nmol/mg protein/
min® 2A) 2 1E(16.38+0.35 nmol/mg protein/min :
100%) thH] 93.2% 2 90.6% 2 A, 1.0%-PNE F15 10|
oF 10%2] fFoldd -OHe 44 AAREH7 AFHLAG
7 9] microsome & E-o] A 05% 2L 1.0%-PNE £ 18 9]
-OHY MAe Z+zh 6.80%031, 581+0.15 nmol/mg
protein/min® 2 A t)Z1§(7.05£0.82 nmol/mg protein/
min: 100%) thH] 96.5% 2 824% 2 A, mitochondria®} v}
71X 2 1.0%-PNE £ 21 & A 18%} F-9 39 -OHY
A4 AR AR A =H AT
F3 7t49] microsomed Fol A 0.5% 2 1.0%-PNE ¥
A 259 FsELHO) AG-E 22 0.92£0.05, 0.93
+0.03 nmol/mg protein®. 24 thZ21§(1.17£0.02 nmol/
mg protein : 100%) thu] 78.6% % 785%F A, 05% %
1.0%-PNE a1 g0 A thdo] 20%0]¢9] 2121 H,O,

o 44 JAFEH7} AFHAUSG B HO:9 B4 AR
avel 8 ¢gg F ok

8 7189 cytosolg L2 F3 L&A= ) Lsup-
eroxide radical : O, )9} Ao v £Y FE2E9 o
3+S vl wste B Fig 13 2t} Fig 194 BE e} 2
o} 2+l cytosolFE-o) A 05% % 1.0%-PNE 4159
0, "9 WAe Z7t 1392+212, 1509+153 nmol/mg
protein® 24 tZ21F(19.041124 nmol/mg protein :
100%) Y] 731% 2 793%2AM F 20~25%H =9 A g
O, "9 A4 AR EH7 AFHUG. &Y F2ELS 84
A A9 Z7|AA NN ul$ EHOE free radical?]
A& AT F AL A2E 7Y

A oizaol B4 B
HAS) P EARAE FHIAE AT EebAsu-

35.

Superoxide radical
(nmol/mg protein)

Controf

0.5%-PNE  1.0%-PNE

Fig. 1. Effects of pine needle extract (PNE) on superoxide
radical formations in liver membranes of SD rats

for 6 weeks.
***p<0.001 compared with control group.

Table 1. Effects of pine needle extract (PNE)} on hydroxyl radical and hydrogen peroxide in liver membranes of SD rats

for 6 weeks
G -OH level (nmol/mg protein/min) H,O, level(nmol/mg protein)
roups Mitochondria Microsome Microsome
Control 16.38£0.35 - 7.05+0.82° - 1.17£0.02 -
0.5%-PNE 15.26+0.36 (93.2%)" 6.80+0.31 (96.5%) 0.92+0.05° (78.6%)
1.0%-PNE 14.84+£0.25° (90.6%) 581+0.15° (824%) 0.93£0.03° (79.5%)

*Mean+SD with 8 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 2. Effects of pine needle extract (PNE) on superoxide dismutase (SOD) activities in liver membranes of SD rats

for 6 weeks
Groups Superoxide dismutase activity (unit/mg protein)

P Mitochondria Microsome Cytosol
Control 23.90+091" - 13.23+1.08 - 20.76+1.03 -
0.5%-PNE 2483+183 (103.9%)" 15.82+0.30° (119.6%) 21.92+0.67 {105.6%)
1.0%-PNE 26.53+2.04° (111.0%)* 15.34+1.06° (116.0%) 2207 +0.56 (106.3%)

*Mean*SD with 8 rats per group; **Percent of control values; *p<0.05; "p<0.01 compared with control group.

peroxide dismutase: SOD), SFEINL HGA|tolA)
(glutathione peroxidase : GSHPx) ¢ 7}&2to}A(catalase :
CAT) 59 4449 34& Wy AR3 o2 AT +
NE B4 A A B A(scavenger enzymes)E E 4 Uth
(Choi, 1991a-b; Yu, 1996)[4,5,30].

HA FYEF SODY &4 nAe £9 28
o gL ¥A - vlwdte B Table 29} £t} 7He]
mitochondria] £ ¢] Mn-SOD &4 05%-PNE £41F
< g2aE du FA gAY FtaRE IR &
AR AT, 1.0%-PNE 54189 Mn-SOD 8448 2653+
204 unit/mg protein®. 24 ZI1F thu] 111.0%=2 4] ¢
10%<) Mn-SOD @49 oA F71a#E I3 + A
otk 05% 2L 1.0%-PNE £ 189 7+4 microsomed &
Z9] Mn-SOD ¥4 7}7} 15.82+0.30, 15.34+1.06 unit/
mg protein® 24 thZ2§(13.23+1.08 unit/mg protein :
100%) thH] 16~20%2] %9221 Mn-SOD &4 F7Ha3
7} QA At 1B AT, Table 2904 Be whel gof o]
£ FEEY Fod 43 3FY cytosol {EY Cu,
ZnSOD ¥49 #94AQ F7Mage 74T ¢+ YA

3 AFYEFTY ZREA L ¥ Ao (glutath-
ione peroxidase : GSHPx) % 7}&e}o}A (catalase : CAT)
o g4l BlAE $9 $289) JPL PH-Hasel B
B Fig. 29 £tk Fig. 2(A)lM B whe} Zo] 05% 2
1.0%-PNE £ 289 7% cytosol¥ £ 59 GSHPx A4
£ 742y 7171037, 727132 W/g protein® 2 M =1
£(5.62+035 1U/g protein : 100%) thw) Z+zt 127.6% %
1294% 24, F 30% A=) FAF GSHPx 84 714
7} AR U E§ Fig. 2B)ol A B ulo} o] 0.5%
9 1.0%-PNE £ 189 7+ cytosol®) B-5 2] CAT ¥4
5 7z} 23.7241.30, 20.33£1.06 umol/mg protein/min .
ZA =15 (18.39£1.74 umol/mg protein/min : 100%)
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(A) Glutathione peroxidase

12

-
o
PR Y

GSHPx activity
(IU/g protein)

Control 0.5%-PNE 1.0%-PNE

(B) Catalase

40 .

CAT activity
(umol/mg protein/min)

0.5%-PNE

Control

1.0%-PNE

Fig. 2. Effects of pine needle extract (PNE) on gluta-
thione peroxidase (GSHPx) and catalase (CAT) activ-
ities in liver membranes of SD rats for 6 weeks.
**p<0.01; ***p<0.001 compared with control group.
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el Zhzh 129.0% 2 1160% 24, o 15~30% F=9) F9|
9l CATS ¥4 Z7tas7 AR=HAS

ol a3} o] Bk AN L AARL §4 A
= 29 229 9L vu-Yrisld # 44, &4 F
259 05%~1.0%9 Foo 9&to] 4352l -OH, HO;
20, 9 FANAY AL FH0E JAT B
olJ2} Cu, ZnSODS] B4-S 2|93 Mn-SOD, GSHPx
2 CAT 59 AAELY &40 FAHE 77 o
Boj A 9] wolzrgo] £ FEAGE] ¢ ARHY
Ao g 7jAh

(@) oF
Li =

49 3% E(pine needle extract : PNE)& 05% % 1.0%
R A7} ZAF AEE& AREHX SDA FFHAE A8t
6FE< AFS et A WA Y Ee AL
AR B AAELY A vXE £ FEAEY 9%
2 #Bsra o 7139 mitochondria ¥ microsome$] §-¢]
hydroxyl radical(-OH)2} Aj43¢l W] X& 0.5% 2 1.0%PNE
E2qg9 43S F o] thgo] 1.0%-PNES] Foo)
Ak 10% 2 18%9 §22¢ -OH A4 AR EFH7} I
=5t} 7H39) microsomed &0l 4 05% 2 1.0%-PNE &
o 259 FASFAHO)S HHE UZIF thH] 78.6%
9 785% 24 20%01449] F9AHA HO9) A4 AR A
7} AR k. w3 7449 cytosol oA 05% B 1.0%-
PNE 54189 O, o AAL thz1F v 731% ¢
793%24 o 20~25%A 5 @A O, o YA AL
71 AR =T

744 9] mitochondria@ £ 2 Mn-SOD &41-& 0.5%-PNE
FA1FE d22F Ul A B4 F7HERE
A 5 AUAT, 1.0%-PNE F415¢ Mn-SOD E49|
o} 10%¢) Mn-SOD 49 f9#< F7Ha#hE AT +
ek 05% 2 1.0%-PNE o 189 7+ microsomed
2% Mn-SOD &4& 21§ vl 16~20%9] #9134
9l MnSOD &4 Z7Hadr JAHAS 232, 243
9] cytosol 3 & 2] Cu,Zn-SOD &4 42 F7tEHe
AR ¢ Pk 05% L 1.0%-PNE FH159) 3% cy-
tosol & 27 ] GSHPx &4 Z1% dul 2t2 127.6%
2 1294%F A, % 30% =9 A3 GSHPx] &4 7t

37 9 Yh T3 05% 2 1.0%-PNE 4159 7
% cytosol 3£ Z 9 CAT 4 HEIF B 15~30%
Az o o320 CATY &4 F7hady} JAANSG o
B £9 289 05%~10%9 FoE g0 2 B4
& ERHoZ A & g By ohz A Wojas
24 AATALY B4 F9Foz F7E F Uvke A
o] YA

LAte| 2
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