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ABSTRACT. The protective effects of BNs-3 and BNs-7, extracts of citrous orange peel, on the obe-
sity induced by ad libitum feeding a cholesterol-containing diet to rats were investigated. The animals
were fed on the diet including cholesterol (0.5%) with or without the citrous orange peel extracts
BNs-3 (6%) and/or BNs-7 (0.1%) for 8 weeks. The ad libitum feeding a diet containing cholestero! to
rats from 6 weeks of age increased the body weight gain compared with that of rats fed on a normal
diet. Such an increase in body weights was markedly attenuated by the addition of BNs-3 or BNs-7 to
the diet. Especially, a combinational feeding on BNs-3 and BNs-7 significantly reduced the body
weight gain below that of normal diet-fed animals. Interestingly, the weights of abdominal adipose tis-
sues surrounding epididymides were greatly reduced by the citrous orange peel extracts, in parallel
with the decrease in body weights. In addition, blood concentrations of lipids including cholesterol
were also lowered by the combinational treatment with BNs-3 and BNs-7. Taken together, it is sug-
gested that the obesity and overweight produced by unrestricted overfeeding on diet with cholesterol
may be partially due to the accumulation of abdominal adipose tissues, around the epididymides in
rats, and that citrous orange peel extracts might exert antiobese activities by reducing the adipose tis-
sues as well as blood lipid concentrations.
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o]& =3 HoME AT BE B F2H, 9
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71574 AFoZA] 7FeAel ZIHEAtHunpublished
data).
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Z o]g5x dtHlLee &, 2002; Yang¥ Koo, 1997; ul
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HE 2ojo] q17tste] 1% Al W] F92% 4743 5
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d e o]Fol= UiF-E vHdelzE "ok wEbA A
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FHo] GIE Aog B rHKeenan &, 1996).
wbH | Adgel(feed restriction)d 7ol A|R|o] oF
10%Z AFo] °F 500 gollA o o) F7HiA] &3 ¥
AotA FAERNeH, 2AfiFe A= HjE) d 854
oJU3L, 40~50%<] ¢ A&}t eEltthBertrand
3, 1999; Taylor 5, 1995). &3, @3 Fo2HE0] &
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#2 =3t8 o] /i = AthKeenan &, 1996).
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7F B9t 358 Z# 248 Z(Sigma Chemical Co.) T
Hole LAY 05% FH2HES AUiste 857t
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Zo| A2/ 53R FF evlely vl = v, HaA)
L 251.3£0.96 golitt. 5l F A 1S FF AR
(normatl dietj¥re FEFstd.om, Al 22lE 0.5% choles-
terol(cholesterol dietfTHE-, A3+ cholesterol3t 5%
BNs-3(cholesterol + BNs-3}&, #H49l+= cholesterol%
0.1% BNs-7(cholesterol + BNs-7}&, Al57o+= choles-
terol3} 5% BNs-3 & 0.1% BNs-7{cholesterol + BNs-
3 + BNs-7}& Egsle] F43IHtHTable 1).
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Table 1. Composition (%) of the diet containing cholesterol with or without citrous orange peel extracts BNs-3 and/or BNs-7

Composition Normal diet  Cholesterol diet  Cholesterol + BNs-3 ~ Cholesterol + BNs-7 Cholesterol + BNs-3 + BNs-7
Animal product 34 34 34 34 34

Cereal 91.0 91.0 91.0 91.0 91.0

Vitamin 0.1 01 0.1 0.1 0.1

Mineral 0.1 0.1 0.1 0.1 0.1

Others 54 54 54 54 54

Cholesterol 0 0.5 0.5 05 0.5

BNs-3 - - 5 - 5

BNs-7 - - - 0.1 0.1
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Fig. 1. Daily feed {g) and water (ml) consumption by 6 rats
fed with a cholesterol-containing diet in the absence or
presence of citrous orange peel extracts. ll, normat diet; A,
cholesterol diet: sk, cholesterol + 5% BNs-3; X, cholesterol +
0.1% BNs-7; <, cholesterol + 5% BNs-3 + 0.1% Ns-7.

i #EEA] FUTHFig. 1) A7 Bl wlet AR
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550 L X|EEE
500 ) xAgeke] oA triglyceride, total choles-
= terol 2 low density lipoproteino] Aukd oz =g H)
z £ Holo]l o5 Fristeri(Table 2). W, ojEe A
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Fig. 2. Change in mean body weights of rats fed with a
cholesterol-containing diet in the absence or presence of 2o X|Wxx| g

citrous orange peel extracts. B, normal diet; A, cholestero! - - N
diet; *, cholesterol + 5% BNs-3; X, cholesterol + 0.1% BNs- g Fee] AR T H44% FHHE I

7; O, cholestero! + 5% BNs-3 +0.1% BNs-7. *Significantly AR Foollr BEALR Fowel B8 S7FetaA Tt
different from the normal diet, p <0.05. **Significantly dif- (Table 4), o]&8t X|¥=32] gake BNs-3 © BNs-791] <]
ferent from the normal diet, p < 0.01. *Significantly different 3] 2A st AAALE ool BlEiME R3] ¥t

- [ole] =] FL X AN

from the cholesterol diet, p < 0.05. B
o 53] BNs-7-& BNs-3°| ¥lsll o & &3& Lepiith

Table 2. Blood lipid concentrations (mg/dl) of rats fed with a cholesterol-containing diet in the absence or presence of citrous
orange peel extracts

Parameters Normal diet Cholesterol diet Cholesterol + BNs-3 Cholesterol + BNs-7 Cholesterol + BNs-3 + BNs-7

Triglyceride 43511065 472 +11.46 40.2+12.01 4431907 33.2+12.30
Cholesterol 37.316.22 455+ 27.49 32.7+3.78 36.7 £3.93 29.5+1.38
HDL 2791725 26.2+517 23.3+8.53 2461722 18.5+8.97
LDL 821454 120+6.23 88+232 125+ 4.51 8.8+3.87

HDL, high density lipoprotein; LDL, low density lipoprotein

Table 3. Blood biochemistry of rats fed with a cholesterol-containing diet in the absence or presence of citrous orange peel
extracts

Parameters Normal diet Cholesterol diet Cholestero! + BNs-3 Cholesterol + BNs-7 Cholesterol + BNs-3 + BNs-7

Glucose 126.7+ 14.28 127.3 £ 30.94 115.7 £ 20.81 142.3 £ 11.94 108.2 £ 20.64
Total protein 46+0.50 4.7 +0.60 4.010.64 511049 4.1+0.80
Albumin 231026 2310.38 201037 261031 2.01043
AST 134.4 + 34.02 116.2 £ 26.65 117.6 £ 16.33 129.56+2264 1115+ 29.76
ALT 36.0+ 840 33.9+6.60 2731891 36.7£532 253 +4.04*

AST, aspartate transaminase; ALT, alanine transaminase.
*Significantly different from the cholesterol diet, p < 0.05.

Table 4. Weight (g) of adipose tissues surrounding epididymides of rats fed with a cholesterol-containing diet in the absence
or presence of citrous orange peel extracts

Parameters Normal diet Cholesterol diet Cholesterol + BNs-3 Cholesterol + BNs-7 Cholesterol + BNs-3 + BNs-7
Adipose tissue weights (g) 3.57 £ 0.44 419 +1.39 3.04 £ 0.56** 2.84 +0.37+% 3.04+0.57*

*Significantly different from the normal diet, p < 0.05.
**Significantly different from the normal diet, p < 0.01.
*Significantly different from the cholesterol diet, p < 0.05.
*Significantly different from the cholesterol diet, p < 0.01.
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Table 5. Relative liver weights (%) of rats fed with a cholesterol-containing diet in the absence or presence of citrous orange

peel extracts

Parameters Normal diet  Cholesterol diet

Cholesterol + BNs-3

Cholesterol + BNs-7  Cholesterol + BNs-3 + BNs-7

Liver weights (%) 2.9+0.19 3.2+035

31+023

321023 291021

*Significantly different from the normal diet, p < 0.05.

Fig. 3. Representative microscopic findings on the liver of rats fed with a cholesterol-containing diet in the absence or
presence of citrous orange peel extracts. A, cholesterol diet; B, cholesterol + 5% BNs-3; C, cholesterol +0.1% BNs-7; D,

cholesterol + 5% BNs-3 + 0.1% BNs-7.
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BNs-7 E3rgoddl 93] e8lse e Ve 74
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8 333 k= RATHFig. 3D).
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Aol At AA= Fere] §8L vk FolA
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A5t lriKeenan 5, 1996; ©141%, 2001).

ojn] HAAFE o83t FEHUFNNA AdFAE AF
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(Bertrand %, 1999; Choi®} Kim, 2000; Means, 1993;
Taylor 5, 1995), &7d4ke] A 2 w2 oA
192 (Lee2} Yu, 1990; Shigenaga %, 1994), =3}e)
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(Keenan, 1996; Fig. 2). ti€°] 05%<] ZYLHE &
fralo] A=oM = BdAo|EotE 30 g9 AFF7HE |
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