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Abstract

Male mice (ddY strain) were fed a laboratory chow diet containing 10% sucrose supplemented with orotic acid,
hesperetin or naringenin at the 1% level for 14 days. The concentrations of liver triacylglycerol and cholesterol were
significantly lower in the OA group than in the control group. When both flavonoids and orotic acid were
administered simultaneously, the orotic acid-dependent decrease in liver triacylglycerol and cholesterol were
attenuated slightly. The concentration of serum cholesterol in the orotic acid group or the control group was lower
than in the orotic acid groups supplemented with hesperetin or naringenin. There were no significantly difference
in body weight gain, diary food intake, and the serum concentrations of triacylglycerol and high-density-lipoprotein
cholestrol. It was concluded that the inducement of fatty liver in mice failed to feeding a laboratory chow diet
containing 10% sucrose supplemented with 1% orotic acid for 14 days.
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A} F7ke sucrose WA 4ol M dAY Aow
Ha dul 3ot [32). AREE Q2EA Hi} ugaal
AEFE Tt 14 A gl mx)E gge
Ed 23, g3 e Aol feEAT, 2308 o}
ZNE FAAH] ZaFUY [10] =3, ezE
7h AldAolE HF o) BAF AR ME 18 Z4A]
FE7F Y Fadte AL YehAAT [9] gdeld, &
EENAF FEY A7 g Ho] zA4es 2
S LR AZEd. 2y, ABod 92E
3 sucroseE 7 Brhsl] WE 4o)E B@ nlo A
X9 Aduiatel B8 A7E 21 gul gok

FHHE|=E ofAs BY 59 4B Uy £A43)
I, AR o 4000F ool YEAL Uk [24]. 4
Ev @PeFe 482 olgHu Qe AEFIAE NI
A 60 A Fo] EeRolusl By Hlon, o]5e 4%
of et Hrle A WFM AEHT ok [27,30] 2F
e o8 549 stEez ¢4 e flavan-
one % (hesperidin, naringin)7} ¥ & %o] g5 0]
AT} [30]. o] & flavanone §EAE AR E Soj7} 2Ry e
TR Bl o3 FHE wolM 159 aglyconed!
hesperetin ¥ naringenin®.2 AH$so] F48 T Y9
2 R TN AEHE Aoz v gl gl 2] §
, hesperetin ¥ naringenin®] 7)%4e] @ ATEA,
A3 A8 [25], TAEZE AAEE [12, 23], AFZ 7hu)
F MEAMY FHAA A HE(FELE) L AW A7)
28 [8] Fol BuHo] ok HAd) EAste e
Ee g3 E 4Hse #Y, AL, 2 2 ¥Ixx B
of MlxA go] FfHo] glen, aglycone flavonoid 2
L2M 5 HA HHshs AHgL 5 mg go] AHshs
AP AXE 500 mg o]4< Aoz Yehdgich [20] A
= "Zutphen Elderly Study |, "8 S¢} 77124 glo}A
9 Edfikols MAYP ALY BA, 2 Fr-
ench Paradox; 59 983 A7 BiuoA Zelnwols
o AHFH APBA Agol A% AGEH Alolo] =
< AB3A7 de Ao® YehY (2021, AAPE §
BA A ot QlolA o]E EelHol=g] Aol
A FEA "5 2y, ZEF AR £33 A3
A olgdchs BHAN o) olFx oo Y B
A7 Bag A 2ok

o 4o gy o
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2 d¥AHE, 10% $29 sucroseS H71e A BET
Aol (HzT)dl LREL 1% +F Arl2lo] (0AR), &
REAY ol 7+ F F8Hxo|=, hesperetin (H-tinF)
% naringenin(N-nin#)& 1% $502 2tz H7}5 4o
oo £t A AFEd vHE JBS PAES
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6589 ddY w928 b2 9] AFo] FUstA Ruls}
o 6ty ARSAIAE AlgEld, £E 212C, $%
50+5%, HYF7] 1247 (71 07:00~19:007), &7):
19:00~07:00)2.2 25 AolHe 8 AMAAA AL
STk £ Aol AS3 Ho] 2L Table 13} gt} A
W82 o] (Chow Diet, CE2)¢] 24& 48 87%, %
Sl 28.8%, A 44%, XS 35%, 238 7.0%, Y
Axe) SFE 5L6%E T4 Suinh AREBE 2o
o sucrose 10%E zHEo] #7l8lm, L REAL 1% H7}
2 FHE7L, EF QE2EA H7MdE hesperetin 2
naringening 27 1% $F92 7} 39tk (Table 1).
OIBA ZAG Holsh "ol&4E 19:00~20:004] Alo]d
7o s UYT AR AR, old o] YA
2 A% 3743 59 4L Ak

gy XE 24

AR71T HFLol 84 AN ¥, 24 8:00~9:00
Aol he-2E mAte] do 2 2H4S AT AHS
YL H2AA 308 B A2 F 3,000 rppm A 155

Table 1. The composition of diets (%)

Control OA H-tin+OA N-nin+0A
Orotic acid (OA) -* 10 1.0 1.0
Hesperetin - - 1.0 -
Naringenin - - - 1.0
Cellulose 10 10 - -
Sucrose 100 100 10.0 10.0
Chow diet to make 100

—: Not added in diet. Mice were fed ad libitum each diet for
14 days. Cellulose serves as a substitute for hesperetin(H-tin)
or naringenin(N-nin).
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T AAEEAA RS dol AFEA AFEAYG. ¥
4 % 29 262& Cholesterol C-test wakoZ o] &3]
cholesterol oxidase-DAOSH o2 =&t 1, 8% HDL-
cholesterol-& HDL-cholesterol E-test wako?] &uH¥H
of 93k A% kit (Wako Junyaku, Osaka, Japan)2 %3}
Ao 83 £A4AAL Triglyceride E-test wakoE o] 83}
o GPO-DAOSH] o] 98t ZAs4ich

1 XEEE o 2Y

e HZ3e Qg T8 AL oS 4
Aol Agstget. 2-4% A AL Folch 59 ¥4 [16]9
F8ta] 744 1g& chloroform: methanol ¢} 21 Zgtele
22X AAE FE8 40TY YEuAA BHSEA A
AR o] &3tAt. F FAHAL FE& Fletcherd
i [15]0.2, 9Xd X Bartlettsd Wy [3]leg,
Z ZY2€E FEE Sperry ¥ Webbe] W [3l]e=
A #stAct.

Az

Agogie dojA AA = Duncan’s multiple range
test [13]8 o] &3to EAA7 At

21t o D&

st § 2FEL0 ox= HE

AzHs 2 AT APTTY FALS AT
(Table 2). Z14FF e N2 TH LZEAT W3l OA
+H-tin 2 OA+N-ninFJA F712%E hepi ek

A% Eol U]X]& Hesperetin @ Naringenin®) 33

XA szo njxle A
vhg29) 2 FAAA e R HlEsA OA
TolA ooz ZAastdd (Table 3). AAREL 22
EXH1%E H7be Dsucrosedf WA A0lE A
upe 2o g A TR F AWMAE 4% 2
B2 W3 3w ot [10]. £3F Durschlag ¢ Robinson
[14]-& Swiss Albino & w20 12Y7 1% OAF 4]
dMe 1 AdFEY Fae JAHA FXAT, 29
Azt 5% OA Fdd ddfMe A A7t veistth
Vailli ${33]& vb-$-20] 30U7t 4% OA Fdd gafjXe
DAY FEe Bart Gehi asknn Stk He
A, 0|21 Aol OAE HAe Holz4e) T4 o5
o 4 At v GFol the RoE Alsdn
OARdd 93t 114 244 ¥&9 F7he 84 5
o] @dog d¥A gley, A Suckling FH AN
Aupzrol fsA] ofw 08 By g glrk (18] #A}
A EY924 [“Clorotic acidE vh$-20) ATEAE A
2RAA B2A FoE0] AFoE Solb xFox
A= od, AN e F5E F TRE o472
2ZA 02 dAEEE AXe Ao AEAT (4] =
g, 2 FAAA drbe 2HELR AZEHE phos-
phatidate phosphohydrolase(PAP) [7,17] 4& OAE 4
A% BN BAA 27N ARE G, vhg o)
HE 849 Wa deidA gsk (10 #3, OAZel
H]3led OA+H-tin? ¥ OA+N-ning dlX+ 7HF 24 3|
A 50} o ke A0e el glou, gz
Hoe $exg BAFD g (Table 3). 8 ZdoA
A fure nBdsEEA] 2 aAY Aol o

Table 2. Effects of dietary naringenin and hesperetin on body weights, food intakes and liver weights in mice fed

diet containing orotic acid

Body Weight (g)

Food Intake Liver Weight

Initial Final (g/day/ group) 4]
Control 244106 31111 2743 1.53+0.07°
Orotic acid (OA) 245106 330+12 23.98 1.60£0.07
Hesperetin+OA 246*05 348+12 26.63 1.69+0.06%
Narigenin + OA 248103 345106 29.88 1.6710.08%

Mice were fed the chow diets containing sucrose supplemented with either orotic acid, hesperetin or naringenin at the 1 % level fot
14 days. Values with different letters are significantly different at p<0.05.
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Table 3. Effects of dietary naringenin and hesperetin on
the concentrations of liver lipids in mice fed
diet containing orotic acid
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Table 4. Effects of dietary naringenin and hesperetin on
the concentrations of serum lipids in mice fed
diet containing orotic acid

Triacylglycerol Cholesterol Phospholipid
(mg/g liver)

Control 17751294 328+025® 1825+1.21%
Orotic acid (OA) 1310+1.06° 266+030° 17.60+0.99
Hesperetin+OA  16.88+1.83° 332+051® 21.14+1.32°
Narigenin+OA 16561217 388+044° 1951+070

Mice were fed the chow diets containing sucrose supplemented
with either orotic acid, hesperetin or naringenin at the 1 %
level for 14 days. Values with different letters are significantly
different at p<0.05.

§ 2|14 2217 polychlorinated biphenyls @ OA S
¥ de nove A ARA F7bo) I AN 29, EE
FAe 2 Tl 9o fuge Poz AHEg
[728]. {2, AAEE B9 UolH OATE Edo o
3te] A9 PAP 84 2718 W2 @48 34
Ad F7he, OA40lo) hespereting H7} dt22 A o]y
& 37k JAHAD [8]. =3, Fekucol=s} oA
1% FAAAFTES A7 d34x v BY "o
AT} [12,23]. ol2| ARoA QLBEN T QT EAT
R o= BEFA oA vpg29 P oo
AAAbe] o) Ggo] AFE O Ao AAHY
LEENE FAY HANA F FY2EHE FAY
ZAHALZ 233 HMG-CoA reductase@ A& Z7A)H
Y 2HE T2 /M E Ao xagu Qo) [32].
a2, BARGMY 2 FY2HE FEE g2F H)
wdA OATNA 2318 i A%E ez, OA+
N-ninZdME 370 %L, OA+H-tinZoHe §97
Q F7He EeFu 9ot (Table 3). 3, AR i
HepG 241X o|M¢e] ¥ 2HE S5 hesperidin 37}
AMe @A ZAE HAuHd, naringin H7te] 9 4
F2 YA (F1F). o3 Ae 83 L A G
MEANA Hefe dute} dibd Aoz, 02EMN, F
HHxolE, & 0|59 HHF] 9% AAulAle) 1]
Ae dFol tsle 20 4dxle HEY) 9o ez
AZEn. 28 XA FEE 2F Hdld OAZd
He A3 B delllz 910y, OA+N-ninZo A&
A F7He, OA+H-tinZoNe 73S vl

392 / A8

. HDL-
Triacylglycerol Cholesterol Cholesterol
(mg/100m¢ serum)
Control 186.01174 1444+83" 391+19
Orotic acid (OA) 18961266 1592+40° 433+21
Hesperetin+OA  1939+137 1826+29° 423+32
Narigenin+OA 17691229  1634195® 357+34

Mice were fed the chow diets containing sucrose supplemented
with either orotic acid, hesperetin or naringenin at the 1 %
level for 14 days. Values with different letters are significantly
different at p<0.05.

t} (Table 3).

HHX|E 520 ojxj= HE

83 $444 2 HDL-2Y2HE 5= é%’%{u
Atole 9191t} (Table 4). S 2EALS IR0 2 HE Yz
o2 HDL-Zg2HE e 43S 7 %,

A %

VLDL-Z3| 28§ £H)§ HgFog AgAa7e Ao ¢
AA At 5. 2, BETY Aol 22 EA o
g xahidel 2o At ik 2318 ¥4 292
HE s:t Zz7d Hste OAZ ¢ OA+H-tin- ol A
S7V4%&, OA+NninT oA #4271 Jehid
t}. Hesperetin ¥ naringenin®} 2& Zglpi-ol=: 8
H 359 FY28F 555 #2A71, HDL-E2g &
HE $58 $7M71e A2E B3 Ho U [6,26]. w
BA 4 AP b2 e HoFu N, olgdF
A 713E g3y daMe F9 Ho] k& ELH
FEAMY 77} o] F ok & Aojnt.

op-2o] © ZEAT sucroseS A|@ET Aolof Ed
gt RIS B9 AN 2L 13 F4A4
=9 Frtel A A wE 2 Yool ALY
Aole dolubx] ggtor}, L 2E AT hesperetin Y nar-
ingenin®] 3T o3 YA Fx L ¥F S~
HE 527t 238 Z7leto Awtd 298 Ro FQok

o ot
i =
Sucrose(10%)E i Al¥ £Z40)o] L2EA, hes-
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g Arketed whe2o) 14Uz AAHES AT 2 F
T F4A4 ¢ SH28E e R vistd 9
ZEATAA fodeg Zarsgn, L 2EAT hesper-
etin £ naringening FA] 718 Ao|godMe L2E
AZEG Frhste 4EE HAt 8% Sd2HE ¥ &
T R 2 LEEMNF niE LFENF hesperetin
EE naringening FAIH7FE HolT M B2 FES
Aok 2, AF S04, Hol A 8 424
% HDL-282:8& F5& 2 487709 F94<Q 2ol
= AU o] o] AP A, sucrose Ff ABEL 4o
of LZEA A7t dAME viex DT FAXA
222 dojupr] @gkony, QZEA hesperetin E&
naringenin®] BEFoo o &L Uk

)

it
Ha
ok

1. Ahmed, A. A, McCarthy, R. D. and Porter, G. A.
1979. Effects of milk constituents on hepatic cho-
lesterolgenesis. Atherosclerosis 32,347-357.

2. Ameer, B, Weintraub, R. and Johnson, J. 1995. Me-
tabolism of naringin and hesperidin. Clin. Pharmacol.
Ther. 57, 186.

3. Bartlett, G. R. 1959. Colorimetric assay methods for
free and phosphorylated glyceric acids. ]. Biol. Chem.
234, 469-471.

4. Brenstein, B. A., Richardson, T., and Amundson, C.
H. 1977. Inhibition of cholesterol biosynthesis and
acetyl-coenzyme A synthetase by bovine milk and
orotic acid. J. Dairy Sci. 60, 1846-1853.

5. Cartwright, 1. J., Hebbachi, A. M. and Higgins, J. A.
1993. Transit and sorting of apolipoprotein B within
the endoplasmic reticulum and golgi compartments
of isolated hepatocytes from normal and orotic acid-
fed rats. J. Biol. Chem. 268, 20937-20952.

6. Cha, J.-Y., Yanagita, T., Furukawa, ], Hara, E. and
Hisatomi, T. 1996. The inhibitive actions of hesperetin
and naringenin on the activity of acyl CoA-choles-
terol acyltransferase in rats. Annual Meeting of
Agricuitural Chemical Society of Japan, (Japan Kyoto),
Abstract p.35.

7. Cha, J.-Y., Maeda, Y., Oogami, K., Yamamoto, K. and
Yanagita, T. 1998. Association between hepatic
triacylglycerol accumulation induced by administering
orotic acid and enhanced phosphatidate phosphohy-

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

drolase activity in rats. Biosci. Biotechnol. Biochem. 62,
508-513.

. Cha, J.-Y., Mameda, Y., Furukawa, J., Rahman, M.,

Anno, N. and Yanagita, T. 1997. Preventive effect of
hesperetin on orotic acid-induced fatty liver. 51th
annual Meeting of Japanese Society of Nutrition and Food
Science(Japan, Tokyo). p.114.

. Cho, Y.5, Kim, S-H. and Cha J.-Y. 1996. Effect of

ingested orotic acid on serum, liver and kidney
lipid concentration in rats. Agri. Chem. Biotec. 39,
206-211.

Cho, Y.-5. and Cha, J.-Y. 1996. Effect of dietary
orotic acid on triacylglycerol metabolism in rats and
mice. Korea ]. Life Science, 6, 159-164.

Choi, J.-S.,, Yokozawa, T. and Oura, H. 191. An-
tihyperlipidemic effects of flavonoids from Prunus
Davidiana. |. Natl. Produc. 54, 218-224.

Curto, R. B. L. 1995. Biological effects of heperidin, a
citrus flavonoid. (note II} : Hypolipidemic activity on
experimental hypercholesterolemia in rat. IL Farmaco.
50, 595-599.

Duncan, D. B. 1959. Multiple range and multiple F
tests. Biometrics 1, 1-42.

Durschlag, R. P. and Robinson, ]. L. 1980. Species
specificity in the metabolic consequences of orotic
acid consumption. J. Nutr. 110, 822-828.

Fletcher, M. . 1968. A colorimetric method for esti-
mating serum triglyceride. Clin. Chim. Acta 22, 393-
397.

Folch, J., Lees, M. and Sloane-Starley, G. H. 1957. A
simple method for the isolation and purification of
total lipids from animal tissues. |. Biol. Chem. 226,
497-509.

Fremont, L. and Gozzelino, M. T. 199. Dietary sun-
flower oil reduces plasma and liver triacylglycerols
in fasting rats and is associated with decreased liver
microsomal phosphatidate phosphohydrolase activity.
Lipids 31, 871-878.

Garcia-Molina, V., Aguilera, . A, Gil, A. and San-
chez-Pozo, A. 1991. Plasma lipoproteins in suckling
rats: effect of dietary nucleotides. |. Clin. Nutr. Gastro-
enterol. 6, 184-191.

Gil, A. and Sanchez-Medina, F. 1981. Acid-soluble
nucleotides of cow’s, goat's and sheep’s milks, at
different stages of lactation. L. Dairy Res. 48, 35-44.
Hertog, M. G. L., Fesken, E. ]. M., Hollman, P. C. H,,
Katan, M. B. and Kromhout, D. 1993. Dietary anti-
oxidant fravonoids and risk of coronary heart disease
the Zutphen Elderly Study. Lancet 342, 1007-1011.

Korean ]. Life Science, Vol.9. No. 4(1999. 8) / 393



21.

23.

24,

26.

AN - 449 - BeA - 294

Hertog, M. G. L., Kromhout, D., Aravanis, C., Black-
burn, H, Buzina, R, Fidanza, F., Giampaoli, S,
Jansen, A, Menotti, A., Nedeljkovic, S., Pekkarinen,
M., Simic, B. S, Toshima, H., Fesken, E. J. M,
Hollman, P. C. H. and Katan, M. B. 1995. Flavonoid
intake and long-term risk of coronary heart disease
and cancer in the seven countries study. Arch. Intern.
Med. 155, 381-386.

. Hurlbert, R. B. and Potter, V. R. 1954. Nucleotide

metabolism.. The conversion of orotic acid [6-C] to
uridine nucleotides. J. Biol. Chem. 209, 1-12.
Kawaguchi, K., Mizuno, T., Aida, K., and Uchino, K.
1997. Hesperidine as an inhibitor of lipases from
porcine pancreas and pseudomonas. Biosci. Biotechnol.
Biochem. 61, 102-104.

Kuhnan, J. 1976. The Flavonoids. A class of semi-
essential food components : their role in human
nutrition. World Rev. Nutr. Diet 24, 117-191.

. Laughton, M. ], Evana, P. ]. Moroney, M. A,, Hoult,

J. R. S. and Halliwell, B. 1991. Inhibition of mam-
malian 5-lipoxygenase and cyclo-oxigenase by fla-
vonoids and phenolic dietary additives. Biochem.
Pham., 42, 1673-1681.

Monforte, M. T., Trovato, A, Kitjavainen, S, Forestieri,
A. M. and Galati, E. M. 199. Biological effects of
hesperidin, a citrus flavonoid. (note II): Hypolipi-
demic activity on experimental hypercholesterolemia
in rat. IL. Farmco. 50, 595-599.

27. Mouly, P. P. M,, Arzouyan, C. G., Gaydou, E. M. and

394 / ATEFHE}A

28.

29.

30.

31

32.

33.

Estienne, J. M. 1994. Differentiation of citrus juices
by factorial discriminant analysis using liquid chro-
matography of flavanone glycosides. ]. Agric. Food.
Chem. 42, 70-79.

Petty, M. A, Kintz, |. and Difrancesco, G. F. 1990. The
effects of taurine on atherosclerosis development in
cholesterol-fed rabbit. Eur. |. Pharmcol. 180, 119-127.
Robinson, J. L. 1980. Bovine milk orotic acid :
variability and significance for human nutrition. J.
Dairy Sci. 63, 865-871.

Rousff, R. L., Martin, S. F. and Youtsey, C. O. 1987.
Quantitative survey of narirutin, naringin, hesperidin
and neohesperidin in citrus. ]. Agric. Food. Chem. 35,
1027-1030.

Sperry, W. M. and Webb, M. 1950. Averision of the
Shoenheimer-Sperry method for cholesterol determi-
nation. J. Biol. Chem. 187, 97-106.

Tokmakjian, S. D. and Haines, D. 5. M. 1985. Early
effects of dietary orotic acid upon liver lipid syn-
thesis and bile cholesterol secretion in rats. J. Lipid
Res. 26, 478-486.

Valli, E. A, Sarma, D. S. R. and Sarma, P. S. 1968.
Species specificity in orotic acid induced fatty liver.
Ind. ]. Biochem. 5, 120-122,

. Yanagita, T., Oogami, K., Yamamoto K., Cha, ].-Y.

and Nunez, J. 1995. Triglycerole metabolism of fatty
liver and the prevention by dietary n-3 fatty acid.
Proc. Jpn. Conf. Biochem. Lipids 38, 3-6.



