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Abstract Formulations containing Ephedra sinica Stapf.
(Ephedraceae) and Citrus aurantium L. (Rutaceae) are con-
sumed worldwide for body weight control. Considering the
related adverse eVects and the risk potential, the aim of this
study is to evaluate the eVects of the thermogenic com-
pounds ephedrine, p-sinephrine, E. sinica and C. aurantium
in the female reproductive system through the uterotrophic
assay in immature female rats. The animals (n = 6–7)
received E. sinica 85.5 and 855.0 mg/kg/day, C. aurantium
25.0 and 50.0 mg/kg/day, ephedrine 5.0 mg/kg/day and
p-synephrine 50.0 mg/kg/day for three consecutive days by

oral gavage. For detection of antiestrogenicity, tamoxifen
20.0 mg/kg/day, E. sinica 855.0 mg/kg/day, C. aurantium
50.0 mg/kg/day, ephedrine 5.0 mg/kg/day and p-synephrine
50.0 mg/kg/day were administered to estrogen-treated
females. Macroscopical alterations were evaluated in liver,
kidneys, adrenals and uterus. All analyzed substances
showed an antiestrogenic potential, but only ephedrine at
0.5 mg/kg/day presented a signiWcative antiestrogenic eVect
(P < 0.01). Adrenals relative mass were reduced (P < 0.01)
in all tested compounds when compared to the control,
which seems to be related to the alfa-1-adrenoceptor ago-
nist activity, which promote a vasoconstriction and reduc-
tion of the liquid in the organ. The endocrine system is
highly complex and there are a number of ways in which a
chemical may interfere with it, other in vivo and in vitro
assays are being necessary to support this mechanism of
action.
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Introduction

Extracts of Citrus aurantium L. (Rutaceae) unripe fruits
(syn.: zhi shi, green orange, sour orange and bitter orange)
have been used in traditional Chinese medicine to stimulate
overall gastrointestinal function and recently, have gained
signiWcant popularity for the treatment of obesity, as an
alternative to ephedra alkaloids, which have been banned
from dietary supplements by the United States Food and
Drug Administration (FDA) in April 2004 because of an
association with serious adverse health eVects (Fugh-
Bergman and Myers 2004; Andraws et al. 2005). The new
products have been marketed as “ephedra free” and usually
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contain C. aurantium extracts standardized from 3 to 6% of
p-synephrine (De Smet 2004).

Ephedrine and p-synephrine are related substances, with
sympathomimetic activity which has been associated to a
raise in metabolic rates and oxidation of fats through an
increase in thermogenesis and stimulated lipolysis, presum-
ably by means of adrenergic �-3-receptors. However, it has
been demonstrated that p-synephrine acts not only in �-3-
receptors, but also in �1, �2 and �-receptors, presenting
similar ephedra side eVects, such as frequency and cardiac
debit increase, peripheric vasoconstriction, broncodilata-
tion and CNS stimulation (Fugh-Bergman and Myers
2004).

Considering the indiscriminate use of these formulations
especially by young women and that their use could inter-
fere hormonal routes and, consequently, during reproduc-
tive age, alter the menstrual cycle, fertility and even the
embrionary development. So, the aim of this study is to
evaluate the eVects of ephedrine, p-sinephrine and its
natural sources Ephedra sinica Stapf. (Ephedraceae) and
C. aurantium, in the female reproductive system by means
of Organization for Economic Cooperation and Development
(OECD) uterotrophic assay in immature female rats. This is
considered an initial step analysis, a short-time test, which
represents an exposition to xenobiotics in sensitive step of
reproductive tract development.

Materials and methods

Chemicals and reagents

Ephedrine (CAS 299-42-3, purity 99%) was purchased
from Sigma Chemical Co. (St. Louis, USA) and p-syneph-
rine (CAS 94-07-5, purity 99%) from Aldrich (St. Louis,
USA). Tamoxifen (CAS 10540-29-1) was supplied by
Galena (Campinas, SP, Brazil) and estradiol cypionate
(CAS 313-06-04) by PWzer (Paulínia, SP, Brazil). Acetoni-
trile HPLC grade was obtained from Merck (Darmstadt,
Germany). Water was puriWed using a Milli-Q system (Mil-
lipore, Bedford, USA). Methanol (Merck), cyclehexanone
(Merck) and triXuoroacetic acid (TFA; Vetec, Rio de Jan-
eiro, Brazil) were from analytical grade.

Animals

Immature female Wistar rats (21 days) weighing 42.3 § 1.0
g obtained from Fundação Estadual de Produção e Pesquisa
em Saúde (FEPPS, Porto Alegre, RS, Brazil) were used.
They were housed in polyethylene cages under standard
conditions of temperature (22 § 2 C), controlled humidity
and 12 h-light/dark cycle. Standard pellet food and tap
water were available ad libitum. The experiments were per-

formed after approval of the protocol by the FEPPS and
UFRGS Ethics Committees (numbers 04/2007 and
2007784) and were carried out in accordance with current
guidelines for the care of laboratory animals.

Plant material

Commercial samples of E. sinica were donated by local
pharmacies. The material was triturated and submitted to 15
min dynamic maceration with acetone (Schaneberg et al.
2003). The solvent was evaporated and the residue dis-
solved in water. For GC/MS analysis the residue was
derivatized with 100 �l cyclehexanone at 100 C for 30 min.

Unripe fruits of C. aurantium were collected from
known populations in Porto Alegre (RS, Brazil) in January
2007 and was triturated and submitted to maceration with
80% methanol. After 24 h the extract was Wltered, concen-
trated in rotatory evaporator and lyophilized.

Determination of total ephedrines content

The content of total ephedrines was determined by a GC-
MS chromatographic system (VARIAN®, Palo Alto, CA,
USA) equipped with a GC 3800 VARIAN® chromato-
graph, 1079 split/splitless injector with a 8200 VARIAN®

autosampler and a SATURN GC/MS/MS 2000 VARIAN®

mass detector. Ultrapure helium was used as carrier gas at a
constant Xow-rate of 1 ml/min. The chromatographic sepa-
ration was achieved using a CP-SIL 8CB LOW BLEED/
MS capilar column (30 m £ 0.25 mm £ 0.25 �m poly-
dimethyldiphenylsiloxane). The column temperature was
programed for 80 C for 2 min, 50 C/min to 250 C for 2 min,
and 100 C/min to 280 C for 1 min. The injector and liner
temperatures were adjusted to 220 and 260 C, respectively.
The injection volume was 1 �l in split (1:10) mode. The
analysis was performed in the electronic impact mode with
70 eV ionization energy. The amount of total ephedrines
was calculated through external calibration curves.

Determination of p-synephrine content

The content of p-synephrine in C. aurantium unripe fruits
extracts was performed by HPLC/UV. The dry extract was
dissolved 1:12 in water, Wltered through 0.45 mm mem-
brane pore (Millipore, Bedford, USA) and injected in the
chromatographic system (Knauer, Berlin, Germany)
equipped with a K 1001 pump, K 5004 online degasser,
manual injector with 20 �l loop furthermore a K 2501 UV/
VIS detector with a EUROCHROM 2000 SOFTWARE®,
2.05 for Windows (Knauer, Berlin, Germany). The chro-
matographic separation was realized in a C18 Eurospher-
100® (1.50 £ 4 mm £ 5 �m) column with a Eurospher-
100® (5 £ 4 mm £ 5 �m) pre-column. The analyte was
123
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detected at 220 nm. The mobile phase consisted of acetoni-
trile–water–TFA (5:95:0.01, v/v/v) as solvent A and pure
acetonitrile as solvent B, using a gradient elution in 0–8
min with 100–59% A, 8–9 min with 59–0% of A and 9–12
min 100% of A, at a Xow-rate of 0.6 ml/min. The injection
volume was 20 �l, in a 12 min run-time. The amount of
p-synephrine was calculated through external calibration
curves.

Uterotrophic assay

The test compounds were given daily for three consecutive
days by oral gavage (po) to the immature female rats (6–7
animals/group) according the experimental design
(Table 1). Two dose levels of each standardized extracts,
E. sinica 85.5 and 855.0 mg/kg/day and C. aurantium 25.0
and 50.0 mg/kg/day, and their main constituents ephedrine
5.0 mg/kg/day and p-synephrine 50.0 mg/kg/day were used
to assess possible estrogenic activity. For detection of anti-
estrogenicity, tamoxifen 20.0 mg/kg/day, E. sinica 855.0
mg/kg/day, C. aurantium 50.0 mg/kg/day, ephedrine 5.0
mg/kg/day and p-synephrine 50.0 mg/kg/day were adminis-
tered to estrogen-treated females (estradiol cypionate 0.4
mg/kg/day). The vehicle (corn oil 10 ml/kg/day) was
administered as a negative control while estradiol cypionate
(0.4 mg/kg/day) was used as a positive control for estroge-
nicity and tamoxifen (20.0 mg/kg/day) as a positive control
for antiestrogenicity. The dosing volume for all solutions
was 10 ml/kg body. Animals were weighed everyday and
killed by cervical dislocation 24 h after the Wnal dose.
After the sacriWce, the rats were necropsied and analyzed
for macroscopical alterations in liver, kidneys, adrenals
and uterus. The uterus was excised, trimmed free of fat,
pierced, and blotted to remove Xuid. The body of the
uterus was cut just above its junction with the cervix and
at the junction of the uterine horns with the ovaries
(Odum et al. 1997). The weight of the organs were deter-
mined and expressed as relative weight (organ mass/body
weight £ 100).

Statistical analysis

Data were analyzed by analysis of variance (ANOVA).
DiVerences between groups were determined by Bonferroni’s
post hoc, the signiWcant level was set at 1% (P < 0.01).

Results

Standardized Ephedra sinica extract

The extract was submitted to qualitative and quantitative
analysis of ephedrines content through a previously T
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validated GC/MS method, total alkaloids were 0.65%,
while ephedrine was 0.41%.

Standardized Citrus aurantium extract

The extract was submitted to qualitative and quantitative
analysis through a previously validated HPLC/UV method
for the content of p-synephrine, which was 3.0%.

Uterotrophic assay

No abnormal clinical Wndings or body weight changes were
detected in the rats given the test compounds. The wet and
blotted relative weights of the uterus of rats given estradiol
cypionate (0.4 mg/kg/day) were signiWcantly increased
compared to the vehicle (Fig. 1a). Tamoxifen 20.0 mg/kg/
day and ephedrine 5.0 mg/kg/day signiWcantly reverted the
estradiol eVect. The relative mass of uterus of C. aurantium
50.0 mg/kd/day and p-synephrine 50.0 mg/kg/day plus
estradiol cypionate 0.4 mg/kg/day treated rats were signiW-
cantly higher than control and tamoxifen 20.0 mg/kg/day
(Fig. 1b).

A signiWcant reduction was observed in the adrenals rela-
tive mass of animals treated with ephedrine, p-synephrine and
both doses of ephedra and citrus extracts and an elevation in
the kidneys relative mass in the p-synephrine plus estradiol
cypionate treated group. There were no macroscopic altera-
tions observed in the other analyzed organs (Table 2).

Discussion

Herbal medicines have become a popular form of therapy
in many countries. Even though they are often prompted as
natural and therefore harmless, medicinal plants are by no
means free from toxicity. The present study was undertaken
to evaluate the female reproductive toxicity of E. sinica,
C. aurantium, ephedrine and p-synephrine, which are thermo-
genic herbal remedies used in weight loss formulations and
dietary supplements. In this study, we used the uterotrophic
assay, one of the most widely used short-term screening
assays designed to detect (anti)estrogenic activity of chemical
substances or mixtures (Baker 2001; Andrade et al. 2002;
Dalsenter et al. 2004).

Fig. 1 Estrogenic (a) and an-
tiestrogenic (b) eVect of Ephe-
dra sinica and Citrus aurantium 
extracts, ephedrine and p-sy-
nephrine in the wet and blotted 
uterus relative mass. Values rep-
resent mean § SE of the relative 
uterus weight (n = 6–7). *Sig-
niWcantly diVerent from control 
and #signiWcantly diVerent from 
tamoxifen (ANOVA/Bonfer-
roni; P < 0.01)
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The extract obtained with a commercial sample of
E. sinica was analyzed for the presence of ephedrines, the
value found was in accordance with the literature reports
(Schaneberg et al. 2003) and was below the one admitted
by oYcial institutions (JPXIII 1996). The standardized
extract of C. aurantium was according to the previous
reports (De Smet 2004).

When submitted to the uterotrophic assay, ephedrine 0.5
mg/kg/day reduced the uterus relative mass, indicating an
antiestrogenic eVect. However, this was a screening assay
and it is not suYcient to fully characterize the mechanism
of action of ephedrine in the endocrine system. There were
found a reduction in the adrenals relative mass in the
groups which received ephedrine, p-synephrine and both
doses of the extracts, this action could be due to the alfa-1-
adrenoceptor agonist activity of these substances, which
promote vasoconstriction and reduction of the liquid in the
organ (AHFS 2005). In the group treated with p-synephrine
and estradiol cypionate there was an elevation observed in
the kidneys relative weight which could indicate a possible
interaction between p-synephrine and estradiol that should
be more investigated.

In conclusion, an antiestrogenic property of ephedrine
was detected, however, the endocrine system is highly
complex and there are a number of ways in which a chemi-
cal may interfere with it. Some of these mechanisms, such
as interference with the hypothalamic–pituitary–gonadal
axis, may not be detected by short-term screening assays
(Andrade et al. 2002), being necessary other in vivo and in
vitro assays, such as hormones quantiWcation, to support
this mechanism of action. Besides that, the long-term
eVects were not evaluated, more attention should be given

to anti-obesity products and dietary supplements containing
ephedrine/p-synephrine.
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