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Effect of Citrus aurantium var amara on weight change in mice
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SUMMARY

Citrus aurantium var. amara L., commonly known as ‘bitter orange’ or ‘sour orange’, of the family
Rutaceae, has traditionally been used in the treatment of various ailments, and it possesses
different types of pharmacological properties. As a part of our on-going studies on the plants
from the Iranian flora, the extract of C. aurantium var. amara has been studied for its weight loss
properties using the mice model. While the Sep-Pak fraction, 20% methanol (MeOH) in water, of
the hydro-methanolic extract of the peels of C. aurantium var. amara fruits, when injected
intraperitoneal (i.p.) at a dose of 10 mg/kg, significantly decreased the level of weight gain of the
mice in comparison with control the group (P < 0.01), the Sep-Pak fraction 80% MeOH in water
decreased the initial weight of mice by 0.44% in six weeks. The administration of the total extract
(10 and 20 mg/kg, i.p.), and the Sep-Pak fractions, 40% and 60% MeOH in water (10 mg/kg, i.p.)
did not show any significant change of weight of the test mice. Of the two active fractions, the
80% MeOH in water fraction did not show any noticeable adverse effects on mice, and was
therefore analysed by reversed-phase preparative high performance liquid chromatography
resulting in the isolation and identification of four major components, two coumarins, meranzin
hydrate (1) and bergamottin (2), and two flavonoids, xanthomicrol 5,4’-di-methyl ether
(tangeritin, 3) and hymenoxin 5,7-di-methyl ether (nobiletin, 4).
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INTRODUCTION

Citrus aurantium var. amara L., commonly known
as ‘bitter orange’ or ‘sour orange’, of the family
Rutaceae is native to the countries of tropical Asia
and also widely distributed in many tropical and
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sub-tropical countries (GRIN database, 2007). This
plant has traditionally been used in the treatment
of various ailments, and it possesses different types
of pharmacological properties (Dr. Duke’s
Phytochemical and Ethnobotanical Databases,
2007). In Chinese traditional medicine, this plant is
known as ‘zhi shi’ and used for weight loss
(Firenzuoli et al., 2005). Antioxidant and genotoxicity
modulatory activities of C. aurantium var. amara
have been reported (Hosseinimehr and Karami,
2005). Recently, immature bitter orange fruit and
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its extracts have been introduced into the market as
an alternative to Ephedra in weight loss products
(Mattoli et al., 2005). A great variety of secondary
metabolites including alkaloids, coumarins, flavonoids,
terpenoids, organic acids, and cinnamic acid
derivatives have previously been reported from this
plant (Ganzera et al.,, 2005; Dr. Duke’s Phytochemical
and Ethnobotanical Databases, 2007).

As a part of our on-going phytochemical and
pharmacological evaluation of medicinal plants
from the Iranian flora (Delazar et al., 2004, 2005,
2006a,b), we have evaluated the weight loss effect
of the extract and Sep-Pak fractions of C. aurantium
var. amara in mice model. Isolation of two
coumarins, meranzin hydrate (1) and bergamottin
(2), and two flavonoids, xanthomicrol 54’-di-methyl
ether (tangeritin, 3) and hymenoxin 5,7-di-methyl
ether (nobiletin, 4) is also reported.

MATERIALS AND METHODS

General

Nuclear Magnetic Resonance (NMR) spectra were
recorded in CD;OD on a Bruker 200 MHz NMR
Spectrometer (200 MHz for 'H and 50 MHz for ’C)
using residual solvent peak as internal standard.
High performance liquid chromatography (HPLC)
separation was performed in a Shimadzu HPLC
system. A Shim-Pak ODS column 20 mm, 250 mm
x 20 mm was used. Sep-Pak Vac 35 cc (10 g) Gy cartridge
(Waters) was used for pre-HPLC fractionation.

Plant materials

The fruits of C. aurantium var. amara L. were
collected from Sari in Mazandaran province (Iran)
and the identity was confirmed by anatomical
examination in comparison with the herbarium
specimen retained in the School of Pharmacy,
Tabriz University of Medical Sciences, Iran. A
voucher specimen (TUM-ADA 118) for this
collection has been retained in the herbarium of
the Faculty of Pharmacy, Tabriz University of
Medical Science.

Extraction

Dried ground fruit peels of C. aurantium var. amara
L (500 g) were macerated in water: MeOH (3: 7) for
24 h (three times), and the hydro-methanolic
solution was subsequently concentrated to dryness

by rotary evaporator at a temperature not exceeding
50°C.

Sep-Pak fractionation

The hydro-methanolic (70%) extract of C. aurantium
var. amara L. was fractionated on a Sep-Pak Cs (10
g), cartridge using a step gradient of water-MeOH
mixture: 20, 40, 60 and 80% MeOH in water, and
100% MeOH (200 ml each).

Isolation of compounds

The preparative reversed-phase HPLC analysis
(mobile phase: 0 to 50 min gradient 70 to 90%
MeOH in water; flow-rate: 20 ml/min, detection at
245 nm) of the 80% methanolic Sep-Pack fraction
resulted in the isolation of compounds 1 (4.7 mg, tx
= 6.05 min), 2 (3.7 mg, t =8.12 min), 3 (3.8 mg, tr =
7.89 min) and 4 (5.1 mg, fz =15.86 min). The structures
of the isolated compounds (1 - 4) were determined
by spectroscopic means.

Merzanzin hydrate (1). White amorphous solid;
UV A (MeOH): 226, 264, 302; ESIMS m/z [M+H]"
279; "H NMR (200 MHz, CD;0D) and °C NMR (50
MHz, CD,OD): Table 1 (Miiller et al., 1993; Dondon
et al., 2006).

Bergamottin (2). Pale yellow amorphous solid;
UV hmax (MeOH): 224, 244, 248, 261, 268, 312; ESIMS
my/z [M+H]" 337; '"H NMR (200 MHz, CD;OD) and
PC NMR (50 MHz, CD;OD): Table 1 (Girennavar et
al., 2006).

Xanthomicrol 5,4’-di-methyl ether (Tangeritin 3).
Yellow amorphous solid; UV An.x (MeOH): 280,
296 sh, 334; ESIMS nyz [M+H]" 373; '"H NMR (200
MHz, CD,0D) and “C NMR (50 MHz, CD,OD):
Table 1 (Mabry et al.,, 1970; Piattelli and Impellizzeri,
1971; Jahaniani et al., 2005; Nagase et al., 2006).

Hymenoxin 5,7-di-methyl ether (Nobiletin, 4).
Yellow amorphous solid; UV A (MeOH): 254, 282,
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Table 1. Weight changes resulting from administration of C. aurantium hydromethanolic (70%) extract, and Sep-
Pak fractions 20, 40, 60 and 80% MeOH in water (the results represent mean + S.E.M.)

Weight in grams

Variation in

Groups At start After 6 w weights (%) P-value
Control 28.250 + 0.45 35.143 +1.32 24.400% NA
Extract 10 mg/kg i.p. 28375+ 0.5 35.500 £ 1.35 25.110% ns
Extract 20 mg/kg i.p. 28.000 + 0.38 32.375£1.22 15.625% ns
80% Methanolic fraction 10 mg/kg i.p. 28.500 + 0.46 28.375 +0.82 -0.440% *
60% Methanolic fraction 10 mg/kg i.p. 27.625 £ 0.50 34125 +0.77 23.530% ns
40% Methanolic fraction 10 mg/kg i.p. 27.750 £ 0.45 33.625 £ 0.65 21.171% ns
20% Methanolic fraction 10 mg/kg i.p. 28.875 £0.52 29.125+£1.39 0.865% *

*P < 0.01; NA: Not applicable; ns: Non-significant; -: Weight loss

10"

OMe O
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Fig. 1. Structures of compounds (1 - 4) isolated from
the Sep-Pak fraction 80% MeOH in water.

344; ESIMS m/z [M+H]" 403; 'H NMR (200 MHz,
CD;OD) and “C NMR (50 MHz, CD;OD): Table 1
(Mabry et al., 1970; Piattelli and Impellizzeri, 1971;
Waddell, 1973; Nagase et al., 2006).

Preparation of the extract solutions for bioassays
The hydro-methanolic (70%) extract and four fractions
obtained by Sep-Pack method were dissolved in
mixture of dimethylsulphoxide (DMSO)-water (1:
3). Each dose was dissolved in 0.1 ml of DMSO-
water (1: 3).

Animals
In this study 56 male mice (25 - 30 g) were selected
and divided to 7 groups (n = 8).

Evaluation of weight change in mice

In this study 56 male mice (25 - 30 g) were selected
and divided to 7 groups (n = 8). Seven groups of
animals received during 42 days: mixture of
DMSO-water (1: 3) (0.1 ml/day as control group),
the hydro-methanolic (70%) dried extract (10 and
20 mg/kg i.p.) dissolved in 0.1 ml of DMSO-water
(1: 3), and four different dried Sep-Pack fractions
(10 mg/kg, i.p.) in 0.1 ml of DMSO-water (1: 3).

RESULTS

In this study, while the Sep-Pak fraction, 20%
MeOH in water, of the hydro-methanolic extract of
the peels of C. aurantium var. amara fruits, when
injected intraperitoneal (i.p.) at a dose of 10 mg/kg,
significantly decreased the level of weight gain of
the mice in comparison with control the group (P <
0.01), the Sep-Pak fraction 80% MeOH in water
decreased the initial weight of mice by 0.44% in six
weeks (P < 0.01) (Table 1, Figs. 2 and 3). However,
the administration of the total extracts (10 and 20
mg/kg, ip), 40% and 60% methanolic fractions (10
mg/kg, ip.) did not show any statistically significant
change of weight of the test mice.

Although the Sep-Pak fraction, 20% MeOH in
water, was active, it also displayed considerable
adverse effects on mice, including hyperactivity
and increased excitements. The other active fraction,
80% MeOH in water, did not exhibit such adverse
effects at all.
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Fig. 2. The comparison of the weight changes resulting from hydromethanolic extract of C. aurantium (10 and 20
mg/kg, i.p.) with control group (DMSO-water) (the results represent mean + S EM.).
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Fig. 3. The comparison of the weight changes resulting from the Sep-Pak fractions 20, 40, 60 and 80% MeOH in
water (10 mg/kg, i.p.) with control group (DMSO-water) (the results represent mean + S.E.M.).

As 80% MeOH in water fraction had significant
weight loss activity, but no adverse effects on mice,
this fraction was analysed for isolation and
identification of major components. The reversed-
phase preparative HPLC analysis of this fraction
afforded four main compounds, two coumarins,
meranzin hydrate (1, Miiller et al., 1993; Dondon et
al., 2006) and bergamottin (2, Girennavar et al., 2006),
and two flavonoids, xanthomicrol 5,4’-di-methyl

ether (tangeritin, 3, Mabry et al., 1970; Piattelli and
Impellizzeri, 1971; Jahaniani et al., 2005; Nagase et
al., 2006) and hymenoxin 5,7-di-methyl ether
(nobiletin, 4, Mabry et al, 1970; Piattelli and
Impellizzeri, 1971; Waddell, 1973; Nagase et al.,
2006) (Fig. 1). The structures of these compounds
were determined by UV, MS, '"H and "C NMR
(Table 1) spectroscopic data analyses. The experimental
data were in good agreement with respective
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Table 2. 'H (200 MHz, CD,OD, coupling constant ] in Hz in parentheses) and °C NMR (50 MHz, CD;OD) data of
compounds 1- 4

Chemical shifts in ppm
g c

1 2 3 4 1 2 3 4
1 B - - - - - B
2 - - - - 160.5 160.9 160.72 163.4
3 6.28d (9.5) 6.33d(9.8) 6.73 s 6.71s 112.8 112.1 106.8 105.7
4 792d (9.5) 831d(9.8) - - 144.1 140.6 176.2 177.3
5 7.54d (8.7) - - - 126.9 149.8 144.0 144.7
6 7.08 d (8.7) - - - 107.4 119.5 138.1 138.5
7 - - - - 161.4 159.2 151.4 152.2
8 - 724 s - - 115.7 93.8 138.1 131.4
9 - - - - 153.3 152.3 148.0 148.4
10 - - - - 113.1 107.7 114.7 126.0
1 2.98-3.18 m - - - 255 105.3 119.8 123.5
2 386dd(9.2,36) 7.84d (24) 757d(216) 8.02d(88)| 782 145.9 109.7 114.7
3 - 722d (24) - 715d (8.8) | 731 - 149.5 114.7
& 1.31s - - - 26.5 - 152.3 162.9
5 132s - 716d (8.57) 7.15d (8.8) 26.5 - 1125 114.7
6’ - - 7.70 dd (8.6,2.2) 8.02d (8.8) - - 123.7 127.7

17 - 5.09d (7.0) - - - 69.9 - -

2” - 5.72 £ (7.0) - - - 114.7 - -

3” - - - - - 143.6 - -

4” - 242m - - - 39.2 - -

5” - 223m - - - 26.2 - -

6” - 3.96 t (6.9) - - - 123.6 - -

77 - - - - - 132.2 - -

8” - 1.19s - - - 248 - -

9” - 1.73 s - - - 15.7 - -

10” - 1.15s - - - 23.9 - -
OCH,-5 - - 415s 4.14s - - 61.5 61.7
OCH;-6 - - 3.96s 3.93s - - 61.1 61.2
OCH,-7 3.98s - 4.07 s 4.06s 56.2 - 61.6 61.6
OCHs,-8 - - 3.98s 3.96s - - 61.2 61.2
OCH5-3’ - - 3.955s - - - 54.8 -
OCH,4’ - - 3.92s 3.93s - - 55.0 55.1
published data. owing to their presence in significant amounts in

the extract as well as in the Sep-Pak 80% MeOH in
DISCUSSION water fraction, and their bioactive nature, might be
responsible for weight loss activity in mice.
All these compounds (1 - 4) are known to possess a Previous reports have indicated that octopamime

variety of biological properties (ISI database, 2008). and synephrin, two amines of C. aurantium, possess
Thus it is reasonable to assume that these compounds, weight loss properties as well as cardio-vascular

2008 Oriental Pharmacy and Experimental Medicine 8(3), 222-227



Effect of Citrus aurantium var amara on weight change in mice 227

side effects. In our study, as Sep-Pak 20% MeOH in
water fraction showed adverse effects, and this
fraction might contain these amines. However
none of these amines could be detected or isolated
from the Sep-Pak 80% MeOH in water fraction,
which did not show any adverse effect.

The significant weight loss property of the Sep-
Pak 80% MeOH in water fraction of the hydrome-
thanolic extract of the peels of the fruits of C.
aurantium var. amara in mice model provides
scientific evidence in favour of its use as an
alternative to Ephedra in weight loss products.
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