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Abstract

The purpese of this study was to examine the impact of caffeine on lipid concentrations in ovariectomized rats. Forty-four
rats (75+5 g) were randomly divided into ovariectomy(ovx) and sham groups, each of which were randomly divided into two
subgroups that were fed the control diet or a caffeine-supplemented diet (0.03%/diet). The experimental groups were classified
into 1) sham-control, 2) sham-caffeine, 3) svx-control and 4) ovx-caffeine groups. All rats had been fed on experimental diet
and deionized water ad libitum for 6 weeks. Triglyceride concentration and total cholesterol were measured in serum and liver.
Serum HDL-cholesterol was measured. Serum LDL-chelesterol and atherogenic index were calculated. Weight gain and food
efficiency ratio were higher in ovx groups than in sham groups (p<0.05). Caffeine intake did net affect weight gain and food
efficiency ratio. Mean food intake was significantly increased in ovx-caffeine group than other three groups. There were no
significant differences in serum triglyceride, tfotal cholesterol, HDL-cholesterol, LDL-cholesterol and atherogenic index between
the control diet group and caffeine diet group. In addition, hepatic triglyceride and cholesterol level was unaffected by caffeine

intake or ovariectomy. Therefore, we suggest that caffeine (0.03%/dief) intake may not have adverse effects on serum lipid
level in ovariectomized rats.
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mLol = 30 mg, B2 2F3 Y 57 goll 12 mg, 2FH 57
g°l 40 mg, AEA] R 32~65 mg, #7]9} L=
oF El2elol & 15~32 mg?] 7H#lglo] $H4-5lo] AUTHGreen-
berg et al 2007). ] 7}¥Q] L Fo w} Apolrt B
o} 13l 24~131 mge] 7HH91Z FR3la Uk N Green-
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T AFFol 22ET o] 240 mg, U1=+9] 206 mgol Bl8)
& HoltKwon & Yoon 1993).

olHY tgat Fu = FhuiQle] AF WA YH el F
7¥elA gheRlel Fal At byl gt =do] A&y
€ 7hEd 7H) AdF el W2 oAb 2hgo] Wste)] et
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g3 Ao B4 gAYS o] &3 AL kitS A28t & ]85 3, HDL-Z8| 28|82 HDL-Z2| 2~HF kit(Young-
of v st @3 FA4XZ BAL TG kit(Youngdong  dong Pharmacy, Seoul, Korea) ©]-8-3t] Z78+3it}. LDL-
Pharmacy, Seoul, Korea)Z ©| €3l o, €A 3 Zg| A Zy 2HE9 5 E Friedewald 28 o]-&3ste] ARt

£¢& Z# 28| E E kit(Youngdong Pharmacy, Seoul, Korea)  (Friedewald er al 1972). Atherogenic index= FH73}ke| £
FAEL 23 4 e Welog A Whie g3 7t
Table 1. Composition of experimental diets (g/kg diet)

Atherogenic index = {(Total cholesterol —HDL cholesterol)/

Diet u
Ingredient 4y grow HDL cholesterol}
Control Caffeine
Cormn starch 529.5 529.5 b zAel A Z 2|9 FZ£S Folch ]
Sucrose 100 100 (Folch et al 1957y AH&3lon, AdE 528 £ £
Casein” 200 200 o] FAAAI F Y 2HE AL EaEE o83 B
Soybean oil 70 70 }'\31%‘ kite = gqﬂoﬂ}ﬂg} 7EL19: ﬂc}lﬂ‘j_&o H] '178]30]: 6‘]'93\‘5}-
Cellulose” 50 50
A2 XHa| U 24
Mineral-Mix” 35 35 3. ME X2 B =4
Ly B2 Ao A2 ZIE SAS package(Statisical Analysis
Vitamin-Mix 10 10 . - - B =
5 System, SAS Institute Inc. Cary, NC)& o|&3lo] #4151
L-Cystein 3.0 3.0 o 7t Y 7 o BREw gEEA2 peigon, 2 2
.6
Choline 25 23 B33 ANOVA-test® o] &atic). 48 & 2ke] A2 &
TBHQ” 0.014 0.014 AL ¢=0.05 594 Duncan's multiple range testol] )3}
Caffeine® 0 0.334 Azstg )
D Casein, Maeil Dairy Industry Co. Ltd. 480 Gagok-Ri, Jinwi- )
Myun, Pyungtaek-City, Kyunggi-Do. d3 4 o
? a-Cellulose, supplied by SIGMA Chemical company.
3) AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA. 1. FHE|Ql Hy} AE SV Alo| A =zt ol Alo|lx
4 AIN-93-VM, Teklad Test Diets, Medison, Wisconsin, USA. - Ao ofst
? L-Cystine, Sigma Chemical Co., St. Louis, MO, USA. 20l olxl= &
9 Choline bitartate, Sigma Chemical Co., St. Louis, MO, USA. A AlzE Al A= B A A E 671 AlF S
? Tert-bultyl Hydroquione, Sigma-Aldrich Inc., St. Louis, MO, B Ao] Az e 2 2o] FL2 Table 20 UERRQITE A
USA. _ _
g A2k gale] FE Ha AlSEe foAl o7l gisle
¥ Caffeine, ACROS ORGANICS, 1-800-ACROS-01 New Jersey, B Al Al 132 felmal 27tk §i
USA. ™, 202.6~2107 g &2 Y T EF ATk i HA) §

Table 2. Body weight, food intake and FER of rats fed experimental diet

. Sham ovX
Variables -
Control Caffeine Control Caffeine
Initial body weight(g) 2074 + 6.7 2026 + 4.7 2107 + 5.3 2052 + 7.2°
Final body weight(g) 2823 +17.4° 270.8 +14.9° 321.5 £36.31° 3279 +31.5°
Weight gain(g) 749 +11.6° 68.1 £14.8° 110.8 £37.0° 1227 +28.3°
Food intake(g/day) 177 = 1.1° 173 £ 1.1° 18.7 £ 1.8 211 = 2.5°
FER” 0.09+ 0.01° 0.09+ 0.01° 0.13+ 0.03° 0.13 0.02°
Y MeantS.D.

? Values with different superscripts within a row are significantly different at p<0.05.
* FER : Food efficiency ratio.
Groups: 1) sham-control diet, 2) sham-caffeine diet, 3) ovx-control diet, 4) ovx-caffeine diet.
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&5 NPT Folle 47 2N dehhs A3A AF a2, Lopez-Garcia ef af (2006b)2 12137 BAE W%
7 A4 JdeEide] dA A AT ovx F Tl sham T 22 T ZALA FERle] A FaAlE 7L e
TR foHoR B9thp<0.05). AF F71E 94 sham & B3k Fleel AFH ] M dEAEL A

T ovx ¢ o] FAg Zol7t =t dd A ovx-
control 73} ovx-caffeine °| sham-control T3 sham-caffeine
T Hrl folHog E3hth(p<0.05). 22, sham T} ovx
T A A T AFH ARl e AF Sk sk
yEhR] oksitt.

Ht Ao] A& vd FAsla 7L 433 ovx-
caffeine 0] 21.1 g/day2 TFE A F(17.7, 17.3, 18.7 g/day)
B}l folxo g &2 o2 et #9482 ol ¢l
Ao, AF o] 7 #4Y ovx-caffeine 0] 2lo]
A =gl & 5 7P Esivh Aol E&2 AlF S 8
o] FEE151 Y ovx-control ¥ ovx-caffeine 7o) #|ZF =7}
gFo] A sham-controlit# sham-caffeine Bt} 2] & &
2 =tk ovx T sham 7 25 7199 43 o wE
2ol &9 Aol YERA] ¢dTh

B dATolA #H7A et Al 7 #hel uzl 493
A EH, A HAEE sham ol ¥)ske] vix) ek A S
AF F7Vgo] Foldod st o AL dAi A By
Ee 17 F AANAA velde AR AF T @
£ Vel Bloz {7 B o] 83 M AFEoAM R o]
o e AARE & 5 UAHBae et ol 2008, Choi & Kim
2008, Choi & Lee 2008). F& Az H AFo] Z7l8le=
AL A2ERZA 2R BF3] A5 Bz A
o] 7Fst AR S F7HAA W Jtelhe gE FHAR L
23 Al A" 58 & 7197 A weolridelgn Bas)
STHChoi & Kim 2008).

AF F7VE) BUE dh AA FEL shamT 59 ¥] &)
Ho|Fgo| feldor Egton ool e AvlE Wi A
A 2dZ o] 8g A3l AFJAE & 4 UJHKChoi & Kim
2008, Bae er al 2008, Choi & Lee 2008).

7HAQ AR AF Aol dH ol vixe JE B,
i A FH o A HAE A &2 F BFOIA A
AR e AF F7HEF 2ola g FoHQl Aol 1t
el gsiel A9 Choi & Lee(2008)2] Ao s &
ATt UG kel 7L AHF Al AV 2 A AF
F7tet Aolagdlle Atol7) gldttar et A7) £
oM T B Ay} e AuE Hadk vl 9t e 58
AYPGME 222 ojd F e} A& FHof 7H9dE A5 100
g% 3.5 mg, 7 mgE AAAIZ A 2T ART Ateld]
AE F7Fge] FelAQd Aole gtk Basld(Song SI
1993) & A Ao Ao} o] FhuiQlel AF St &

2 oA Bkee & ¢ Atk

A ] 22T WERERT Fi AT S7HEe] ke
o}, £3] ojAde] 7% BMIZ} 25 o|/dola AlA BF o] A
1 g BE 5ol Al JH o] Fe A AF St
o] ool & Aoz vt

B 2ol AAFL FA2E FATA e Aol 7
QA Aol wE 7t g, g HAF 5ol
Il 01 S HH 8 ovx-caffeine wo] F2jF o2 =4 e}l
AR A geiel wet 2ol Al A ] vE
dE Aoz Algdr)

Shami-e] A¥e F4 FolA £ A7 FLF FE2
7}99& 3718 Choi & Lee(2008)2] ATolM = Q& +
ATk Ovx-caffeine T2 A= A9 Hrhe] o] 43
o] EUTHE Lee KS(1986)2] Bm o} 2o kg & 14 g A
318 7S o Ho] AFEe] T8It Kim YS(1984)
o Bng X% € F ST

g, dAa dA AE g & Choi & Kim(2008)9]
Aol i Al Al FHR Aol whE Ho] HHFe
Aol 7k fidchar Baatgich o] Zo] U F2 79
Ag FFT A= 71 AF7E Ho] A Z vIAe
e dA8A Fsioh

=4
T

4 £

2. stEiel ot 83 XIE sxof olxls 9%

83 4974, & 2426, HDL-2¥~H g, LDL-Z2
Y2 S 2 atherogenic index®] Th3+ Z2}Z Table 30| A4
stgdch 83 AR e dAE AR 9L shamT
T dd AAG ovx T ol HlHQ Holrt G, Ea
At 7H9E H4FH S ovx-caffeinere] Yl & 5 7%
Egoy oAl Aole UEA] &gttt

¥4 % F¢26HE FEE sham-control°] 85.4 mg/dL,
sham-caffeineTo] 86.9 mg/dL, ovx-controli©] 87.2 mg/dL,
ovx-caffeine©] 82.3 mg/dLZ WER], YA FHA| ofF] TE
frolAQl Aol = §191.om, sham} ovxT Welld 2zt 71
QA AHo) W& {2 Ao)® glE Ao Vel

g3 HDL-Z92HE s dl & ol §4 Ael7}t
gilom, LDL-Z3~E1E F5+& shamcontroli7°] 374 mg/dL,
sham-caffeinex©] 38.5 mg/dL, ovx-control°] 36.2 mg/dL,
ovx-caffeine©] 40.8 mg/dLE ovx-caffeine o] 7 EkoL},
7 AU da Al mE FoAHQ Aol T

FUAg AR FE d2T dol & A7 A 5-<), 719
ol g Aol A B BT dh A ool BE f

QA zolE flE Aoz Yehger, 7H 43 o0&
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Table 3. Serum lipid concentrations and athrogenic index of rats fed experimental diets

367

Sham 0)12:¢
Variables .
Control Caffeine Control Caffeine

Triglyceride(mg/dL} 85.4 + 7.9 86.9+ 5.0° 872+ 7.7° 823+ 7.8°
Total cholesterol(mg/dL) 75.7 + 5.8° 78.6:16.0° 74.8+13.4° 80.2411.2°
HDIL-cholesterol(mg/dL) 21.2 + 4.2° 247+ 1.8 215+ 2.1° 229+ 2.5°
LDL-cholesterol(mg/dL) 37.4 +10.8° 38.5¢ 6.0° 362+ 9.8° 40.8+ 7.9°
Atherogenic index’’ 2.68+ 0.80° 2.3+ 072° 23+ 037° 2.5+ 0.39°

Y Mean+S.D.

* Values with different superscripts within a row are significantly different at »<0.05.
5 Atherogenic index=(Total cholesterol — HDL-cholesterolYHDL-cholesterol.
Groups: 1) sham-control diet, 2) sham-caffeine diet, 3) ovx-control diet, 4) ovx-caffeine diet.

FUldstA el Mste VehR] ghskrh ol 28%zte] A
AH7E % SHAY FRolls Y3hg nAx] gsivin
Onuegbu & Agbedana(2001)2] €7} 7HH9le]l A3 4
oJ wat B AN Er §9F el xo]2 Holx
2okehal & Park SI(1993)9] 79t U e AFY Tk
Sakamoto ef al(2005)y2 T FHE WFOZ 140471 0.62%
719 2olgt 136% 719 o) T Ao, 2L A5
AFT Atolo] 3 SHAHE Lo %91;‘40 alol= §l
girka sl e, Bak & Grobbee(1991)2 9 AR
T 24A419] AR1E AL 2 37 75 mge] FHI1E T
g A E AH 7 7o) gle ANE HHS 7+
o] & F HDL-ZE|l2HE sxoe ztol7t gidivka 319
T}, 3} Lopez-Garcia ef al(2006a)°] 942 147k oAl
2047 2 2Alg YigtEe] ZSE AFE Bl AT A
F ok A G A g T Aleole] Beldk AR g T
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& AN E 3] AF s 2L TNk A 847} of
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w2 e RIS FET AP ol e R
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=2 g 988 el = 2= Algdn 58 AdeEn
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AF e H8HA A8 AP EFHS HHA 3 case-con-
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g, -;%.4 A7 o318 AEHA A fefsiitte
X3 A7 2tk Prospective cohort 37 23}, 79 @%7 3
EL OdaEc] A8 A Aol dE A EC] Lo
(Woodward & Tunstall 1999, Kleemola et of 2000), 518 o]
gl 019 A -folli= Al AFE AH ke Fol A 2
go) 91HES 5K Greenberg et al 2007). Conelis &
Fl-Sohemy(2007)+= B3e AD] HH A A8 A sl v
3 Ygo] Aty ik a9 Al e R 3 i
TEL 7Pl AF Feprt FAE 7HAR] #ide] ofd A
1 59 28 FUE FE AFHNAL, ol A I/
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g my, g g3 FEAN] aae 2o Aoy &
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A& chlorogenic acid Z& ZejgEolztn ABsant:. o
g 7RI & AR e 2o FHE A5 3
2 AT Zo] £ 29 I Ak A5 o
Gl X E Aol3HAl el F e HeE AlsdEnh

B AFolre 2100 wel 7leicle] dgel O &
+& AFEAT U AV Fe 49 AY e A9
2ol 73] AH 9 vlmste] AEBA 2 gig HRES
Z7A1Z & 2-go] BaiE %) a(Panagiotakos et al 2003, Hap-
ponen ef al 2004), =% 49| A% 150 57 F=e #3)
AF e AGART o] gloka gt A3 3 mex
71119 o] d2A UEbsE-2 A& st vHRosner ef al
2007).

T FE ARdAR 7Rl AF FFol wet EF A
A Aol th2A vebstth 4471 3 FHAlA 0.6%, 1.2%,
24% A2HE ANE AU Hol & FF% 25, ¥4 &
PaHEe 55 Frlel o, AN FEE 24% 4]0
A3 A s ti(Kang ef al 2004). 8ol welA = 7))
ol it ¥hgo] thE2A Vel A&5e FHoA $39
A4, 85 229 2H E3 HDL-Z2H 2H E gdo] 7192
AF 2 "t FoAQ Aol Bon, Y AW
¥ LDL-ZH &H & &2 £FolA= m7tel 2] 44
Al frelH e g Frleld o, 4] Afeles 8 5 Ad ¢
ol BF 79 AFH 8 wE foARL Apolz} Ve
=] %3k HSong SJ 1993).

FH2 AT F3&o| Eol A3 F Aol vi§ w2
A F7E 1, BF 5E ol & A EtE F jislE]o] &5
HA] g1 242]17F oW} methyluric acid®} methylxanthine © 2
iAo A73E B a2 widEn AF FEldE F 3~
6% e AR g ulz Aoz ald gtilee HW
2000). 711912} <k 80%7} paraxanthine @ & thAlE =4, 7}
#1217} paraxanthine®] adenosine receptor® 7332 o] WA ¥
dezog Hajetr] W&o AlgolAIA ZiEide dHe
% epinephrine =& FoleH 2HEdle Aow Hlo)
o] A& sympathetic A= )8} 2 =™, epinephrine- ther-
mogenesisE 7713 53] FEZHOZ f-andrenergic sti-
mulations F7A1 71t Benowitz et al 1995). T3+ 71H[A-S
g7 FHEol HEg /MR e el
A HEHE £71AA adenylae-cyclase® FAISAA cAMP 5
=8 MR EN A U #8] A, SH2HE, 54
A T4 B e A8dhe Ao BoZitk(Shilow &
Mathers 1988). “12]u} $kA] 7]gh vk} o] A 7hgl A
A A o= A= ] TRl AFATE olgh ZHg ot &
% A2 oA Azt YehdeAl s A7AEe] A8 €A
A %3 Uth B Aol da A FHE ue

Fobrlo} RAERaE

0.03% 7}H|Qlo] IH2 HolE 6
A4 el felHl S kst W= 200613
ulZ FRIEANA 55 A3 7tel =4 FH<l 500 mg/
day7MA & 25 Y 8 B29¥S oA @en, A
738 Q1L 400 mg/day A% ARAEY B%, A, 284,
FeE, FUAHE oo fAdol fldn Easiit
(Lopez-Garcia e al 2006a). 2006\ 7t} 5= 7H2d A
e 812 400~450 mge 2 FH & 3 vl(Health Ca-
nada Food Program 2006). ¥ A 3elA 0.03%2] 7188l 2ol&
AAANR A2 4Y B2 AF 9o 38k oF 33 mg/
kg AFolch vl=<l 35 3-8 FH T 400 mg/day(Barone
& Roberts 1996, Lopez-Garcia ef al 2006a)E B 50~60 kg
o] el AF 1 kgB o R A 6.6~8.0 mgkg A Fo]
o, @3l dd A 7l 34 FUFE 6 mgkeg AF
(KFDA 2008)2. ofol u|a}# <f 4~5ufjo] sl %ol
o}, whEha] dd A FoA G AFVE €5 F5
657+2) 0.03% 710 A7} 2ol A 2EZA AF FHld
MNE 83 2424 £ 29 48 E, HDL-29 28| 3} LDL-
ZY2HE T f3lS G AR g Ao e
yh ole Ad 24 FHdE 673 AN 5 A
S$E BIAAA| Gokie] AFAF e A¥ AR vEhd
A & AR FF A77F e

24

2 4N AS 8%
[e]

oL g

3. glEel 7Pt 2t XE sEol ojXl= FE

WA Ao} 7l JH e T FAAAF F 29
281 & $xo] g Z2HE Table 49l AABAT T F
Z2 A Mke] F== sham-control ] 23.0 mg/g, sham-caffeine
T°] 21.6 mg/g, ovx-control T°] 29.8 mg/g, ovx-caffeine©]
22.1 mg/g@ 2 ovx-control ol 7P Ekort v & il
F9AQ Aol PR

5 F 9 2EE §9L sham-controlTo| 38.7 mg/g,
sham-caffeine °| 38.5 mg/g, ovx-controli°] 37.3 mg/g,
ovx-caffeine T°] 38.5 mg/go 2 Ve o, A 7 ol
Al Aol ATk whebd, da A el 0.03%2)
719l H7E Aol 2t A At A dFE A Fe
Ao 2 Atggr} ol Axe FHolAl 1% 4% A 7t
2o|g g A, 9] FH|2HE FFH FAANE FF
o §-212<l o]}t gt B31g Kim HY(2002)9] A+
Axtel dAsAch 2y FHoA 0.3% 7S] Aol 55
b 105 AN o) D] F o 2E S SR F
e Jh9S ArMEeE FAslths Park & Jo(1993)9]
ATehs YXS | kel & Choi & Sung(1997)2] I+
A AF 100 g9 7 mgd] 791 3F HAANAS 1
FH Y] 2t FH2H E o] R Srksite
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Table 4. Liver lipid content of rats fed experimental
diets

Sham OVX
Variables

Control  Caffeine Control  Caffeine

Total cholesterol

1)a2) : a
(mg/g liver) 38.740.27 38.5+0.8

37.3x1.1° 38.5+0.1°

Triglyceride
(mg/g liver)

Y MeantS.D.
? Values with different superscripts within a row are signifi-
cantly different at p<0.05.
Groups: 1) sham-control diet, 2) sham-caffeine diet, 3) ovx-con-
trol diet, 4) ovx-caffeine diet.

23.0+4.8°  21.646.5"  29.846.5" 22.124.2°

AbE Bae 9lgich Zz2]v} Choi & Sung(1997)2] Aol Al
A7H FHEQlel £ B Aol Aviet 250 oF 2ujol]
AFols GO Ao sl £ o 58 AR o
1ouel] BiFshs B2 goltk Song SJ(1993)2] A& &
M oln| Zhe] F A AFEE A hol|, o FHeF A5 F
Zrl Yehs Zgkol dX3kA] fstthar ste A3 gl
meH T A2 gTE 23t Ug § 1SS Hadl vl gl
t} 7 2R M E 7o hydroxylaseoﬂ o8 ZezeEe] 7
FACR ABHAY R EHg E3 Al s o 7Y (No-
rum et al  1983). ©] t’% g HAQ - 28l 9fsle] AE
vele] FHl2elE 97t 24Ha 85 SUaHE 5
o] gArAo] 8 51‘41(Norum ef al 1983). ©]&{3F T
B 2 AP 2t A F ZY2HE vR H

o]FQl M3} gle AL B ATolA A 7}61 0.03% Fx=

=

=
%% AR WA Wi A9 dAAY 4 i gel AAd
% 3(Lovallo WR 2004), 2]o] A3 9] 3= 7)7tl &
Ag AHE wiAE + glvin aednh

= Wi A dFA 0.03%2] Tl 6 4
z} Tk Qo] % A FH 1 XA v]3|
< GotruAt 39
T A%E gokstd tgd Zth
ZF712 ovx 70| sham ol BlEt] FejH o

L

r}m 0o M
o,?L' ?{;‘ 8

fr

ﬂ

1Y)

v dA #Fe] ] dHst B Ad = 369

=9kom gham o3} ovxi® RFoIA el A3 o5 o}
2 AF F7te] Wsks JehuA] it Ha Aol AH
£ ovx-caffeine o] THE A TR FHo R Fof WA
A A 7HEQ AFE Aol AFH o] Frteldh AolEs
& da dA A R o g ket e, k)l ARl
i feFQl Aol Vep A #strh

2) 9% % 29 ~HE, HDL-Z8 26 23} LDL-Z# 28
FEE WA HA o wE o)Al Aozt glgle
, H AF e mE folAQl Aolx ik €%
Al A& 259} atherogenic indexol| TIgF A% i A
o} 7hl AF el o2 Fol Al Alole ‘4"5}‘4%1 Z AT
A= iﬁﬂ"ﬁﬂiﬂr ZAAA 3R ovx T3 sham
T el oAl zpolrt glied, ?}ﬁﬂ‘:’l AF o3t 7
o]4Ql apolx gl AR JEuit

2 o B o

B Ao Jehd AnE B o, 631, 0.03%75 71
A AHE HE 2l FEUA G A A 85 F F
#]2-e|E, LDL-Zd2HE, HDL-Z82HE, 3

atherogenic indexoll -F2] A<l d&ka P|A] &Uct 12t

olgfdt gal= AH vt ’?3; 7]71_}”%] = °ﬂ°k/\4 A

Z dejel] ot g2k = 3l

Ao g Atgdrh

=4 g
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