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Since ancient times, extracts of plants have been used for women’s health to prevent menopausal symptoms.
The symptoms of menopause have been attributed to a reduction in the amount of estrogen produced by the
ovaries.
In this study the estrogenic activity of a commercial standardized extract of the roots of Angelica sinensis,
used to relieve climacteric symptoms was evaluated using in vivo tests such as the degree of cornification of
vaginal epithelium, uterotrophic assays and serum LH concentration in ovariectomized rats. Furthermore, the
effects on the estrous cycle in rat were investigated.
The results obtained have shown that the administration of a standardized ethanol extract in ovariectomized
rats exhibited a stimulation of the uterine histoarchitecture, a significant cornification in the vaginal epithelium
and a reduction of serum LH concentration showing the estrogenic nature of the extract. Furthermore, the
administration of the extract in intact female rats provoked a significant modification of the vaginal smear in
67% of treated rats. The estrous cycle thus modified was characterized by a prolonged estrus stage with a
temporary reduction of the regular cyclicity. Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

The root of Angelica sinensis (Oliv.) Diels (Apiaceae),
known as Dong quai in Chinese, is one of the most
important traditional Chinese medicines, used for
tonifying the blood and treating female menstrual
disorders (dysmenorrhea, amenorrhea, irregular men-
struation) and also menopausal symptoms (Zhu, 1987).
It is also used for the treatment of anemia, hyper-
tension, chronic bronchitis, asthma, rheumatism and
cardiovascular diseases (Hardy, 2000).

Over 70 compounds such as alkyl phthalides
(ligustilide, 6,7-epoxyligustilide, angelicide, butyliden-
ephthalide, butylphthalide, 2,4-dihydrophthalic
anhydride), terpenes (β-cadinene, carvacrol and cis-
β-ocimene); phenylpropanoids (ferulic acid, coniferyl
ferulato); benzenoids (valerophenone-o-carboxylic
acid and vanillic acid); and coumarins (angelol G,
angelicone and umbelliferone) have been isolated
and identified from Dong quai (Hon et al., 1990; Dung
et al., 1996; Lin et al., 1998). Polysaccharide fractions
of low relative molecular mass have also been reported
(Wang and Zhu, 1996; Chen et al., 2001). Its main
essential component, Z-ligustilide, other phthalides
and ferulic acid are thought to be the biologically
active components of A. sinensis.

In vitro, Dong quai has acted as a growth inhibitor in
breast cancer cell lines (Zava et al., 1998; Dixon-Shanies

and Shaikh, 1999) but has also been observed to stimu-
late the growth of MCF-7 cells (Amato et al., 2002).

The primary purpose of this study was to test the
estrogenic activity of A. sinensis commercial extract
using in vivo tests.

MATERIALS AND METHODS

Plant material. A dry standardized extract of the root
of Angelica sinensis was used. The dried roots were
extracted by a counter-current extraction process with
80% EtOH (ratio extract/drug 1/12). The extract evapo-
rated to dryness by spray-drying technique and stand-
ardized to contain 1% ligustilide was supplied from
Ulrich S.p.a., Nichelino (To), Italy. The phytochemical
analyses carried out on the extract by TLC and HPLC
confirmed the presence of other characteristic com-
ponents of Angelica sinensis as butylidenephthalide,
butylphthalide, ferulic acid, etc.
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Table 1. Effect of ethanol extract of A. sinensis (Oliv.) Diels on estrous cycle in rats

Dose Treatment Prolonged
Treatment (mg/kg/os) period (days) Diestrus Proestrus Estrus estrus Metestrus

Control (vehicle) – 5 6 (6)a 6 (6) 6 (6) 0 (6) (0%)b 6 (6)
Ethanol extract 100 5 6 (6) 6 (6) 6 (6) 3 (6) (50%) 3 (6)
Ethanol extract 300 5 6 (6) 6 (6) 6 (6) 4 (6) (67%) 1 (6)

a ( ) number of rats used.
b ( ) percentage.

Animals. Animal care, environmental conditions and
use followed the guidelines of the Council of European
Communities. The experimental procedures were
approved by the Bioethical Committee of the Italian
National Health Institute.

Experiments were carried out on virgin female Wistar
rats weighing 200 ± 21 g. All animals were housed un-
der controlled conditions of temperature (23 ± 2 °C),
humidity (65%) and light (12 light/12 h dark) with
water and food ad libitum.

The vaginal smear of each rat was examined daily
for 15 days to select animals showing regular cycles (4–
5 days). The selected rats were randomized into groups
of six animals each.

Estrogenic activity. Adult rats were bilaterally
ovariectomized under light ether anesthesia. On day 7
after operation, they were randomized into groups
of six animals and the estrogenic activity of the
A. sinensis extract, compared with estradiol benzoate
(EB), was assayed according to Edgren and Calhoun
(1957).

The dry ethanol extract, suspended in distilled water,
was administered orally by an intragastric rubber
catheter for 7 days at doses of 100 and 300 mg/kg per
day. Each dose of extract was suspended in a volume
of 5 mL/kg body weight. The doses of A. sinensis
extract were based on typical clinical doses for humans.
Estradiol benzoate was administered by subcutaneous
injection for 7 days at a dose of 0.1 µg/rat.

The controls received the vehicle alone in a similar
manner. The animals were weighed and killed 24 h
after the last dose.

Blood samples were drawn, centrifuged and the
serum stored at −25 °C until determination of LH and
FSH.

The LH and FSH levels were measured by
radioimmunoassay. The serum LH was measured by
the ovine-ovine-rat LH assay described by Niswender
et al. (1968). The reagents were obtained from
the National Hormone and Pituitary Program, Bethesda,
MD. The uterus and cervix were excised, freed
from adhering tissue, weighed and fixed in Bouin’s
solution and processed for histological study. Later
the hematoxylin-eosin stained slides were microscopi-
cally examined for stimulation of luminal epithelium
and uterine glands. The following parameters of
estrogenic activity were evaluated: uterine weight,
uterine luminal epithelium, endometrial and cervix
cellular organization.

Estrous cycle. The ethanol extract was administered
orally for 5 days (one complete cycle). Three groups of

animals were used. The extract was given to each group
at doses of 100 and 300 mg/kg per day. Each dose of
extract was suspended in a volume of 5 mL/kg body
weight.

The controls received vehicle (distilled water) alone
in a similar manner.

The vaginal smear of each rat was examined daily,
for the 5 days of treatment and during the following
15 days in the morning.

Statistical analysis. Statistical analysis of difference was
carried out by analysis of variance (ANOVA). Values
of p < 0.05 were considered significant.

RESULTS AND DISCUSSION

The standardized extract of the root of A. sinensis, at
a dose of 300 mg/kg, provoked a significant modifica-
tion of the vaginal smear in 67% of the treated rats
(Table 1). The estrous cycle of the treated animals was
characterized by a prolonged estrus stage and by
reduction of the regular cyclicity. Ten days after the
end of the treatment, there was a gradual normaliza-
tion of the cycle, which became regular at the fourth
cycle.

Mean LH levels in treated ovariectomized (OVX)
rats were significantly reduced by estradiol and ethanol
extract in comparison with control rats receiving the
vehicle alone (Fig. 1). In contrast, the mean FSH levels
were similar in controls and treated rats (curve not
shown).

The uterus of ovariectomized rats revealed a typical
infantile condition (Fig. 2a) with thin serosa and
muscularis. The epithelium was less cuboidal and the
stroma was compact. The glands were atrophied and
vascularity was poor. Administration of estradiol
benzoate (EB) stimulated all the uterine structures
(Fig. 2b) as indicated by an increase in the epithelial
thickness, loose stroma and well developed uterine
glands. Vascularity was prominent. Administration of
the standardized extract of A. sinensis stimulated the
histoarchitecture of the uterus (Fig. 2c). There was a
considerable increase in the thickness of the luminal
epithelium and the endometrium was well organized.
The stroma was loose and the uterine glands were well
developed.

The cervix tissue from the ovariectomized rats pre-
sented typical atrophied features with an inconspicu-
ous non-stratified epithelium; plicae palmatae were
reduced; the stroma was compact; the cervical glands
were less in number and vascularity was poor (Fig. 3a).
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Figure 1. Mean LH levels 24 h after the last dose of vehicle, 1 µg
estradiol benzoate (EB), 300 mg/kg/day A. sinensis extract
(means of six rats per treatment group ± SEM; *p < 0.05 vs
vehicle-treated group, **p < 0.01 vs vehicle-treated group).

Figure 2. Typical photomicrographs (×200) of the uterus of
ovariectomized rats subjected to various treatments. (a) Con-
trol rat showing the infantile condition with compact stroma.
(b) Rat injected with estradiol benzoate. Note the stimulated
histoarchitecture with increased uterine luminal epithelium (cf.
a). (c) Rat administered with A. sinensis ethanol extract, show-
ing the estrogenic features (cf. b).

this investigation administration of estradiol benzoate
provoked significant vaginal cornification in OVX rats.
Administration of A. sinensis extract elicited a typical
estrogenic response.

These observations clearly reveal that the influence
of the extract on the cervix is an expression of its
estrogen-like capacity.

Administration of EB caused changes in the epithe-
lium with marked keratinization; the stroma was
loose with numerous cervical glands (Fig. 3b). The
cervical histoarchitecture was stimulated when the
ethanol extract was administered to ovariectomized
rats. The epithelium was cornified with increased
plicae palmatae; the stroma was loose with numerous
glands (Fig. 3c). Administration of estradiol benzoate
in ovariectomized rats caused significant cornifica-
tion in the vaginal epithelium (Fig. 4a). Distinct
cornification was provoked when the ethanol extract
was administered in OVX rats (Fig. 4b); this was quite
apparent when compared with the control group
(photomicrographs not shown).

A. sinensis extract administered to ovariectomized
rats caused an increase in uterine weight. However, the
response was significantly less than that observed
in estradiol benzoate-treated rats, indicating a lower
potency (Table 2).

Estrogen and progesterone are the hormones respon-
sible for histologic and functional modifications of
the female genital tract. In fact, the exogenous ad-
ministration of physiological doses of estrogen, in
ovariectomized or in sexually immature rats, caused
vaginal cornification and stimulated the histoarchitecture
of the uterus (Martin and Finn, 1970) inducing an
increase in epithelial thickness, loose stroma, increased
vascularity and well developed glands (Karkun and
Mehrotera, 1973).

In the present investigations the treatment with
estradiol benzoate in ovariectomized rats induced simi-
lar results. Administration of A. sinensis standardized
extract to ovariectomized rats also stimulated the
histoarchitecture of the uterus indicating a response
parallel to that of estradiol benzoate.

Cervical organization also depends on the hormonal
milieu. Estrogen is known to induce cervical
keratinization (Burrows, 1949; Datta et al., 1968). In
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Figure 3. Typical photomicrographs (×200) of cervix of
ovariectomized rats subjected to various treatments. (a) Con-
trol rat showing atrophied features. (b) Rat treated with estradiol
benzoate. Note the stimulation in the cervical epithelium with
distinct cornification and loose stroma. (c) Rat treated with
ethanol extract of A. sinensis. Note the stimulated histo-
architecture (keratinization of the epithelium).

Figure 4. Vaginal smears of ovariectomized rats. May Grunwald-
Giemsa (×200). (a) Rat treated with estradiol benzoate. Note the
vaginal epithelium cornification. (b) Rat administered with
ethanol extract of A. sinensis. Note distinct cornification.

parameters, namely a reduction of LH secretion and an
influence on vaginal cytology.

The estrogenic activity of A. sinensis extract demon-
strated in the present study very likely is due to its
main essential component such as Z-ligustilide. In fact,
our preliminary research carried out in vitro on human
endometrial stromal cells have shown the estrogenic
properties of this active principle.

Furthermore, the data demonstrate that the extract
assayed selectively suppressed LH secretion in
ovariectomized rats.

Hence, the endocrine activity of extract of A. sinensis
in OVX rats can be demonstrated by two objective

Table 2. Effect of ethanol extract of A. sinensis on uterine
weight in ovariectomized rats

Treatment
period Uterus weight

Treatment Dose (days) (mg/100 g)

Control (vehicle) – 7 44.3 ± 0.9
Estradiol benzoate 0.1 µg/rat s.c. 7 187.0 ± 1.5a

Ethanol extract 100 mg/kg os 7 102.0 ± 1.3a

Ethanol extract 300 mg/kg os 7 111.5 ± 1.8a

Mean ± SEM of n = 6/group.
a p < 0.05 versus control.



ESTROGENIC ACTIVITY OF ANGELICA SINENSIS 669

Copyright © 2006 John Wiley & Sons, Ltd. Phytother. Res. 20, 665–669 (2006)
DOI: 10.1002/ptr

REFERENCES

Amato P, Christophe S, Mellon PL. 2002. Estrogenic activity
of herbs commonly used as remedies for menopausal symp-
toms. Menopause 9: 145–150.

Burrows H. 1949. Biological Actions of Sex Hormones, 2nd edn.
Cambridge University Press: Cambridge.

Chen R, Wang H, Xu H, Xu G, Chang L. 2001. Isolation, purifi-
cation and determination of polysaccharides X-C-3-III and
X-C-3-IV from Angelica sinensis (Oliv.) Diels. Zhong Yao
Cai 24: 36 – 37.

Datta IC, Karkun JN, Kar AB. 1968. Studies on physiology
and biochemistry of the cervix: effect of estrogen and
progesterone an the rat cervix. Acta Biol Med Ger 20: 155–
162.

Dixon-Shanies D, Shaikh N. 1999. Growth inhibition of human
breast cancer cells by herbs and phytoestrogens. Oncol Rep
6: 1383–1387.

Dung NX, Cu LD, Moi LD, Leclercq PA. 1996. Composition of
the leaf and flower oils from Angelica sinensis (Oliv.) Diels
cultivated in Vietnam. J Essent Oil Res 8: 503–506.

Edgren RA, Calhoun DW. 1957. The biology of steroidal contra-
ceptives. In The Chemical Control of Fertility, Edgren RA
(ed.). Marcel Dekker: New York, 537.

Hardy ML. 2000. Herbs of special interest to women. J Am
Pharm Assoc 40: 234–242.

Hon PM, Lee CM, Choang TF, Chui KY, Wong HNC. 1990. A

ligustilide dimer from Angelica sinensis. Phytochemistry 29:
1189–1191.

Karkun JN, Mehrotera PK. 1973. Studies on physiology and
biochemistry of female genital tract: response of uterus,
cervix and vagina of albino rat to cis and trans domiphene
in the presence or absence of estrogen. Indian J Exp Biol
11: 7–12.

Lin LZ, He XG, Lian LZ, King W, Eliott J. 1998. Liquid chroma-
tographic-electrospray mass spectrometric study of the
phthalides of Angelica sinensis and chemical changes of
Z-ligustilide. J Chromatogr 810: 71–79.

Martin L, Finn CA. 1970. The effects of intrauterine devices on
preimplantation changes in the mouse uterus. J Endocrinol
46: 19–20.

Niswender GD, Midgley AR, Monroe SE, Reichert LE. 1968.
Radioimmunoassay for rat luteinizing hormone with
antiovine LH serum and ovine LH-131-I. Proc Soc Exp Biol
Med 128: 807–811.

Wang Y, Zhu B. 1996. The effect of Angelica polysaccharide
on proliferation and differentiation of hematopoietic pro-
genitor cells. Chung Hua I Hsueh Tsa Chih 76: 363–366.

Zava DT, Dollbaum CM, Bien M. 1998. Estrogen and progestin
bioactivity of foods, herbs, and spices. Proc Soc Exp Biol
Med 217: 369–378.

Zhu DPQ. 1987. Dong quai. Am J Chin Med 15: 117–125.


