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Age-Related Changes of Lipid Metabolism and Thrombogenic Capacity in Rats”

Um, Min Young® - Rhe, Kyoung Ah - Kim, Mi Kyung
Department of Food & Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the age-related changes of the lipid metabolism and thrombogenic capacity in
Sprague-Dawley (SD) rats at the ages of 4, 8, 12, 16, 20 and 24 months old. Total lipid, triglyceride (TG) and total
cholesterol in plasma and liver, HDL-cholesterol concentration, and eicosanoid contents in plasma were measured. Lipid
peroxides were determined by the levels of thiobarbituric acid reactive substance (TBARS) in LDL fraction. Body
weight was increased continuous until 16 months and decreased after 20 months. Epididymal fat pad (EFP) weight was
increased continuously until 20 months and decreased at 24 months. Total lipid and TG concentrations in plasma were
increased until 20 months and then rapidly decreased at 24 months but plasma cholesterol was increased continuously
with aging. HDL-cholesterol level was increased continuously until 12 months, but decreased at 16 months and maintained
there after. The TBARS levels in LDL fraction were the highest level at 24 months. Liver total lipid, TG, and total
cholesterol concentrations were shown a tendency to increase with aging, and especially TG concentration was increased
rapidly from 12 months to 16 months. Plasma thromboxane B, (TXB.) and 6-keto-prostaglandin F; (6-keto-PGF,)
contents did not change with aging, but the ratio of TXB:/6-keto-PGF, was increased with aging, especially from 8 to
12 months. These results showed that lipid levels in plasma and liver, TBARS levels in LDL fraction, and TXB»/6-keto-
PGF, ratio were increased with aging. (Korean J Nutrition 37(7) © 525~532,2004)
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0%°13}, Ca 0.7%°17%, P 0.50%0]4 & A}
3t 4, 8,12, 16, 20, 2493 9] Sprague—Dawley (SD,
outbred)F R AFE Z} 70l F 427k E g
Z 39tk AFFEES & TEARAR &1 $o 157Y
LS aFIAEE [(PASTEAEA TR B
AR, stk o 9 3 3], WellM ] X} LDL
U A 2EE 3FE BAEeH, A eicosa
noids 3F ¥ H&-& A8t 71l wE Aoirtel o
AEe] H3lE BEssich

2. B, gef G AN A

APFES A7) 49 AFE diFE (metabolic cage)
of A 12A17H4 23]ol] AA 24A17F Feke] WH-g A5
<], old} F ¥ AFH HE A 197 Hog 7hEs)
Ak ojof og) He] o] 9AFE A& 9] Y5ty
2o] 155 YolFA] WUtk o] VIt F E (R ol &
FP) L A glo] FFPN o Qe HE FAE =3
& F —20TCelx ¥F 2asisich

A717k0] FaE AFFTES 1247 AN F die-
thyl etherZ PRIAIA 7183 F 10 ml FAP|E o843}
Ao AL AT AHE AL SaHE AL
Wx1817] 8l heparin (25000 IU/5 ml) o] Soigle o
AR ol ol ice bathell 2087F W% % 2,800 rpm,
4TCo)A 30837 94Ee] (Refrigerated multi—purpose

i

centrifuge uniont 55R, Hanil, Korea) 3l] Ad+-9} &3+
< T3t 83 F AAY & S A5k
~70TC deep freezer RA3)31 27, LDL W} A2 3ks1E
g2 N SA Sk £ ] U¥+= eicosa
noids &S &l @3 600 wloll EDTA &9 57 pls}
absolute alcohol®ll 54! 0.04 M indomethacin €9 3 4l
< ol 7PA Edtet & B4 A7kA) —70C deep free-
zerol] B3t 99 EDTA 29 2 g9 disodium
EDTAS} 0.8 g°] NaCl& 752 %2 ¥ NaOH=Z pH
74% 951 HF 137} 100 mt HEF ARG Hos
indomethacin €943 8 d-g H71=9] arachidonic
acid’} prostaglandins 2 A A U= 3}

He EY AFE F wWojo] ice cold salineol] A|X 3k
2 R 2 E7)E AAB —70C deep freezerdl] Bt
AA g FAo) ARGtk 1 &) R AE A&
o FAE A3k

3, Moerm

1) &8 3 A1, 38 A8, 3 S82HE R HOL-BH HE

Y32 F AW F5 FringsH'Y 28 £73319 540 nm
o)lA] spectrophotometer (Spectronic 301, Milton Roy,
USA)Z F35E £33, olive oilE ol 43 BFFAo]
ot S AESith A FA AT ZHAHE
FET AAHE o838 B4 kit (FFAIHE o485 1,
HDL—-Z#2HE 5%+ LDL ¥ very low density lipo-
protein (VLDL)-& FAAI & a4 o2 3= ¥4
kit (cHA2H) & o]838ld 500 nmolM FHEE 5 (HP
8453, Hewlett Packard, USA) 3}tk

2) M O F Al 5 A A F SLHE

23 W9 & 24 55 Blighe}t Dyer? oz £33}
At 7} wiol FA A ZAHE FEE YoM F
Z3 F AL methanolZ =] gAollAe} e v o
2 kitE o]g3shk Z3s3dc

3) Low density lipoprotein fraction® Thiobarbituric Acid
Reactive Substance (TBARS) &%

Low density lipoprotein (LDL) fractionS W% €4
o]g3te] AR 445l lipoprotein©] F2=+& uk
tracentrifugation'®oj] 2J& Balsisich 4o Aes I
S APsE il o 5] 7 7o) AEF
E9 g3 UAYPN ot poolingdle] LDL #2lof AR
&k 523 LDLY TBARS 32 Chiu 57 2<
o] &3] 532 nmellAM FFEE ST & 1,1,3,3,tetra-



methoxypropaned EFA|2k0 2 3l AFHE 7153810

ST

4) &34 Thromboxane B, &3
Thromboxane A, (TXA) & 4% 332 7483t in-
ducerolni vaso—constricter2 2-&3h=1], ¥-7171 30
Z AER Wi$ wEA 7l 23l Hof vl et He
Ql thromboxane B, (TXBZ) £ A%kl ol TXB. S
Z38h= Zlo] TXAY F2 XLJ]' A+ vk AP
£ unlabelled TXB, %} YAk peroxidase® labelled®
TXB2te] #4% 42 specific antibody 2] 2% ¢3))
thdl competitiongd ZAE 3t enzyme immunoassay
(EIA) kit (amersham phamacia biotech, UK) & AF&-3}
Rok 1 M 3 84S Yo vi-& FAAT T B8R |t
2544 450 nmolA microtitre plate photometer (SPEC-
TRA MAX 340, USA) £ 9o v &3icth. o] of
TXB, 5489 5EHYE 0~64 pg/well ©13Th

5) @89 6-keto-prostaglandin F.. &%

Prostacyclin (PGl < TXA.¢ A2l oz Ao 2

< 3, EQMyste ApRE s B3-S AA 6-
keto—prostaglandin F,,7} ¥t} webd 6—-keto—prosta-
glandin F,, & £33k Z°] PG, 34%S djxgtia 3t
Aot FAPEE TXB ¥4 delel 229 EIA kit(amer-
sham phamacia biotech, UK) & ARE3}0] HREAIZ] & 1
M 2 §aE Yol vhg-2 F2AA713 450 nmelA mi-
crotitre plate photometer (SPECTRA MAX 340, USA)
2 A3tk

4. W~

£ A7 FEARS AEANE AYTd B8 2E 2
A ARSI, ZF TEHE Vel el BAREA (one—
way analysis of variance) & & & ¢=0.05 &M
Duncan’s multiple range testel] 93l Z+ A3 A4
A7k A& AR
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Fig. 1. Body and Epididymail fat pad (EFP) weights in rats with dif-
ferent age. Values are mean =+ SE. Data with different supersc-
ripts in each age are significantly different at p<0.05.

Table 1. Plasma fipids and HDL cholesterol: total cholesterol ratio in rats with different age”

Plasma lipids (mg/dl)

HDL cholesterol: total

Age .
Total lipids Triglycerides Total cholesterol HDL cholesterol cholesteroi rafio

4 month 351.45 + 28.81 3604+ 6.61° 72.19 = 593° 26.38 + 2.55° 031 + 0.02*
8 month 359.52 + 19.50° 4805+ 451° 79.06 + 7.00° 36.29 + 3.44° 0.37 = 0.04®
12 month 416.09 * 13.08° 4926 + 541° 87.15 = 7.39° 38.69 + 3.56° 0.45 + 0.07°
16 month 468.10 = 14.48° 5226 + 10.15° 10545 £ 6.00™° 31.15 + 1.27® 0.29 + 0.05°
20 month 478.85 + 4,19° 7485 = 6.82° 11045 £ 9.51® 3012 + 1.27® 0.32 + 0.06™®
24 month 37012 + 9.47% 4169 = 549° 126.98 + 15,29° 30.54 = 1,73 0.29 + 0.02°

1) Values are mean = standard error (n = 7)
2) Values with different alphabet within the column are significantly different at ¢ = 0.05 by Duncan’s multiple range test
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F F ZHAHE F52 994 g2t ALFH oz Sl
24 9%l 78 o] w8tk vhd ¥ HDL-Z4 %
B2 871 dA3] FTlste] 1283714 vlsdt 5
£ A& 167HEREE T sl 2471971%)
H&$ 58 A8t F Z2H S g HDL-
ZY2HEQ vl 128304 71 ¥& $£F& veh]
At 2428k 167022 E 247123 71X] v|5d 58
BArH(Table 1).
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BAE ¥ YR YT Tole 2 Ael7t itk $4

A 471dAA 120E7H = §-2)A0 Ao)E Kol
agtoLt 167080 4~1293 81} fo)H oz Zylslo]
2082 zlolE B0y, 1T o|F 247E7Hx] M3 F
7hke Ade BTt ¥ ZHAHE 52 4)Y0)
A 160 E7HAE ol 8L ofvy AA8) Frlehe ks
H3T 247180 1670€e) v)3le] feAog Frtsie
7V mokek whebA ko) F A, 54 A 9 E S
HE 55 27 7H0l uet AAM3] Frleke A%E B
9t (Table 2).

3) B AR Hjay
Ao} FAlsr Moo F A, A R F EelE]

Table 2. Liver total lipids, triglycerides, and total cholesterol con-

ok
-

centrations in rat with different oge” (mg/g wet weight)
Age I;Tgsl Triglycerides chgljs(’:zlarol
4month 21,70 = 1.01°® 4,81 = 0.59° 1.65+0.13°
8month 2405+ 1.47° 534+ 073" 198 +0.25%
12month 2421 £ 1.11*®° 548 +0.32° 224 =019
l6month 2670+ 1.34° 8.85+ 095" 220 +0.18%
20month 2550 £ 1.81° 936+ 183 257 £021%®
24month 2697 +£1.02° 1079 +£1.28° 294 + 0.19°

1)2) See table 1

Table 3. Fecal weight and lipid excretions in rat with different age”

£2] vjde-2 Table 3o A BT Y ¥ HE FA
(wet weight g/day) & 1623°] th2 €32 A AR

=2 FAE B ¥ OE €¥dX = 2e)7t Atk
He] F A o d3e 167188 71X Aolg Bolx) dv}
7} 2070 LFNA FelH oz F7ste] 24 €H T v|5:%t
T8 Bk F4A F ZeAHE uidgs 4493
oA EA Jehtthrt 871€ellA Hisle] 16834 o
Al F7FeIeIt) mebA] W F XA e dge giAlE 2083

ol ¥ A%E BATH(Table 3).

4) Low density lipoprotein fraction U A& RUMSIE 2P

7}l 512 low density lipoprotein (LDL) <} Ak}
AL vwsty B7] $8iA LDL fraction®] A4 2iks}
& 3 (TBARS values) & 431550 71 A3 Table
49} Zokth 1 A Aury 4, 893 n|5F 12
B3lon 12974 thad W £E& Ho|oyt 1671¥
Table 4. TBARS levels of LDL fraction in rat with different age”

Age ' TBARS .
‘nmole/ml LDL fraction)

4 month 1.856
8 month 1.849

12 month 1.135

16 month 1.5648

20 month 1.800

24 month 3.868

1) Values from pooled plasma per experimental group

Table 5. Plasma Content and Ratio of TXB2 and é-keto-PGF1 &
in rats with different age”

Age TXB2 6-keto-PGFia  TXBz/6-keto-
(ng/dl plasma)  (ng/dl plasma) PGFiq
4dmonth  118.02 + 19.49™ 866 + 1.30% 6.66 + 027
8month  91.09 = 12.63 6.47 = 0.84 7.56 + 0.54%
12month 114.48 + 30.78 497 £ 0.87 10.32 £ 0.32%
16 month  129.71 = 39.10 6.13 = 1.77 10.92 + 1.80°
20month  96.41 = 30.54 448 1,48 11.26 +£1.23°
24 month  123.75 + 34.70 542 £ 1.36 11.67 + 0.92°

1)2) See table 1
3) Not significant

Fecal wet weight

Fecal excretions (mg/day)

Age
(g/day) Total lipids Triglycerides Total cholesterol
4 month 1.79 + 0.04” 36.50 = 1.87° 0.66 + 004> 2.87 = 0.41°
8 month 1.76 £ 0.07° 35.61 + 2.76° 0.46 £ 0.05° 1.94 + 0.49%®
12 month 1.55 = 0.10° 3450+ 1.18° 0.44 + 0.02° 1.65 £ 0.15°
16 month 2.30 £ 0.15° 35.16 £ 0.85° 0.56 + 0.09™ 2.18 £ 0.19%
20 month 1.92 +0.18° 4557 + 0.85° 0.88 £0.11° 231 £ 0.22%®
24 month 1.92 £0.13° 43.85 -+ 1.69° 074 £ 0.11® 251 +£0.27%

1)2) See table 1
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T AHE oz & Aol thh Aol B "F
FAAHE 758 FE F, A, d¥9 Aot ASE
o AQLE Story £ AN 2, 6, 12, 18, 2478
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Fo) W AAHe R T AE E 5 sigen 53)
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2 83 U ZHLEHE £80) o] mER) Aoz R
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Lao] vjedt +5¢ Bgdnh B A3olA 16, 20, 242
423 R} HDL-Z92EE o] thi & 4 ¥
A % ZYANES S BB HDL-ZHAHE 5
=% 757 WRQ 2o Alsgch ¥ Applebaum-—
Bowden 572 % Z7l0l ulel 7+ Ml HDL #2F ¥a8il&
o] ZhhEo] UEhd A3E Jsigitt 3kxgk HDL: total
cholesterol ratio® A{E¥ 2487 7 *& 4
£ HY & FHAHE 5571 HS Yol IS ¢+
Ak Al S oz & APEoA 4Hed g F
7V d) Yo} HDL-Z eSS st LDL 8
& M3 F7hste] FHAEE dorl= A9 A
A1 S99tE” Heiss §799 Aol T Wi ZFelA
Aol VT E HDL $57) Rolz o) ojijo) iy
o2 Eoirh

7o) F AW sEE 7 el SRR AFS B3
ou I AP F FYAHE FEE 242374 A
Ao Zyksigic). £3) T4 AW FEE 129%04 16
4% Alolo]] & Zog AFiet. =37t ARHUA Q1
SUS) A FHZ Ee) BA ) AER TR N
T A 239 3o} iRl AFo) vehted” 3t
o] F Aol F7hs oleldt ARl AT AR e,

Carlson §29] A7olA% 1, 6, 18, 247484 Blude
O AR or ZAXEB0) o FHHE AL B F U
Rom 2 APH Wi BFE Y. 4% S
5 719 ZHLHE bR Hs7E Yojuiedl Dagny
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0L 71e] ZHAEE 85 Sl dist rhss V1R 3
Y 3—hydroxy—3—methylglutaryl coenzyme A (HMG-
CoA) reductase$} cholesterol 7 @ —hydroxylase?] E+F
F2Rl H3LE ARGt o] AFelX Spargue—Dawley
FH 1, 6, 24 €% BlwA] HMG-CoA reductasex 17§
Lol 6718 Alolell Bo| Zasglont I ojFoll= ¥3t
7} 919l n cholesterol 7 @ —hydroxylase®] 442 A3l
o] Z7}erE 714315t webA] HMG—CoA reductase/
cholesterol 7 @ —hydroxylase ratio= 7}3 ¢l w2} F7}5
7. B89 acyl coA: cholesterol acyltransferase (ACAT)
AT Z7slel 7 Ul SYAEHE 248 oA o=
B]lch, olejgt &4o] 7ol uhE Wk ol FelAH)
2 FHA7IY €39 FY2dHE 8 T &
o Azteict

Mo Wass & AU 1693714 FRE HsE
Bolz] ofrhr} 20, 2471 €A vl dFZo] AAsHA F71s)
gon| FA Ay F FYAHE ke 4934 ¥
Al depdtlzt 871 Lo asted 1623 dAM ] S}
sttt ofw), 12€8A4 W F XA, $A4 Y 2 Fe
2HE o] 7P g AL W uljdgo] w2 Flof 7]
Aoz Btk tiAdoz #e] XA ajdze 20, 24
Holq 2 52 Btk

Low density lipoprotein W] X2 #kslE 82 4, 8
AFHL B5E FAE B oH 12€%A tda 3 F
& Ho|trt 1671¥ ol F7Isle] 242X 7P =
2 #XZ B¥t} Schmuck 579 =18 thtow & o
TolME olo] F& Alge| vlste] LDL oxidation A%
7t ¥ #9129 LDL W BE3ite] gefo] Eoktin
Boygch £33 LDL-2dAHE3 43, & Z2HE
3 AzE N2 A AFPAE 2=k Mangiond
Roy7} Busidak® B A7oAs AR A FUA
o e A0 AFFIl] whE LDL-FaXHES
Z7V2 B uslsion oj= LDLo] AtstsE= 7)81E SoiAl
2 Aoz Azrer) £d 2 dAvel Wy Agler] o
2ol we} 34kt &4 (catalase, glutathione peroxidase)
o] g4o] ZaH I ol g 2 Eo] Sy LDL Atst
E 7KE3AA B A8 249994 LDL fraction W A
A asE A7 M wdd 2og "ok

B a9 g4 TXB, 8 6—keto—PGF.,o &%
ojizlel M2 QN Alel7b EREA] gigkort TXBY
6~keto—PGF,,8] ¥]&& dol7t F7tetel| wet At 5
71012 247123 2] TXB/6-keto—PGF:.9] vl&& 474
2 2 A vug g A F v} F1EoE YERT

=
E]

e

Thromboxane B,& 4% $37 & #5& F&8t
£ TXAY F2 AEEA &= D, 6—keto—PGF,.&
Yy ol xRl PGL2 AE2H ZF =]k Arachido-
nic acid (AA)E Zt1 Q1= M3} 91%)-A2 phospholipase
Ao 28} lysophospholipidt AAS #&A)711, Alxeke
E45E 43" AAE cyclooxygenase (COX) 9 g0z
PGG, ¥ PGH,E AAA] thromboxane synthase?] &
& o} TXA,Z A Bet? Cyclooxygenased 73
Fhe TXA,9 ol2gt A $/d 28 lipid hydrope-
roxide (ROOH) il &J3l] Fzlx]o] etz 2 7o) ut
2 gAtel g4 EdEy AdsiEe 24 | &
HoF Qsld 3 TXA,S ggo] SV Zog <58
= qleh, 28y £ dgelMe 7HEel ek 83 W TXA,
v PGLY &% ezt vehtA kst ot TXBy/6-
keto—PGF,,9] v]&o] 7}l wet 34 F7tEe AeR
Ueh ol 3 A w94 Aoz EREE FHAs
$h & AEAA Age] LAYo] Yojrt FrkEEA ot
A& R dide) g AoE Az

2% U B2
2 A7y AAd w3 Y F A4 uiakg 84
Seol W s Amny] gl A% 4, 8,12, 16, 20, 2470
2 B 87 53¢ g AFH AEAS A48
o 83 7+ 9 o] X3 5% LDL W AA stz
garg dotr el 12y Aol TXB,9 6—keto—

PGF,.o &% 9 1 8]&& S43IQith

1) A8 1A 4, 8, 12, 16, 20, 2471¢¥ ¥ Sprague—
Dawely & 573 87 AT 1697 7 =9+
7} 208 oA AT, FuE AW 20837t
2 F7Vhe A4S Vgt

2) @3 & A, 34 A% wEE 208%37A Fhs
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