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Abstract

Dong quai has been used for thousands of years in traditional Chinese, Korean, and Japanese medicine.
Dong quai is marketed in the United States as a dietary supplement. It has been used to treat a variety of
ailments including, dehydration, lumbago, hypertonia, nervous disorders, menopausal symptoms,
neuralgia, angina, insomnia, and arthritis. Overall, human studies suggest that there is little evidence to
support the use of Dong quai for any condition. Numerous side effects have been reported in clinical
studies (e.g., headaches, abnormal heart rhythms, blood pressure abnormalities) and studies suggest that
Dong quai may interfere or exacerbate effects produced by numerous drugs and herbs. Acute toxicity
studies indicate that administration of Dong quai produced no effects at a dose up to 5000 mg/kg; similar
results were observed in subchronic studies. Dong quai extracts have been reported to have synergistic
effects with various chemicals and have antiproliferative and proapoptotic activities in cancer cells. No
effect on fertility was observed after administration of Dong quai extract. Numerous studies have shown
that Dong quai and its constituents have anticarcinogenic effects. While some studies indicated that Dong
quai produces estrogen-like effects, other studies indicated minimal interaction with the endocrine system
or suggested that the effects may not occur through interaction with estrogen receptors. One study
showed that ethanol extracts of Dong quai had anti-estrogenic and anti-androgenic activity. Additional
activities associated with Dong quai extracts and its constituents include modulation of enzyme activity,
cellular proliferation, and gene expression; anxiolytic activity; insecticidal and antifungal activity;
nephroprotective; gastric protective; pulmonary system protective; immunomodulatory effects; and
antioxidant activity.



Executive Summary

Basis for Nomination

Dong quai (Angelica sinensis [A. sinensis] root or root oil) was nominated for toxicological
characterization by a private individual because of its widespread use in dietary supplements, lack of
adequate toxicological data, and concern regarding potential adverse effects, particularly for women of
child-bearing age. It is a common ingredient used in traditional Chinese medicines for dietary supplement
and has numerous applications including treatment of menstrual and menopausal symptoms,
predominantly in Western medicine.

Nontoxicological Data

Dong quai, a perennial herb from Gansu and Shanxi provinces of China, grows in cold, damp, high-
forested mountain terrain and in rich, deep sandy soil. It also is found in the United Kingdom, Lapland,
and Iceland. Dong quai has been used for thousands of years in traditional Chinese, Korean, and Japanese
medicine and is usually combined with other herbs. It has been used to treat a variety of ailments
including, dehydration, lumbago, hypertonia, nervous disorders, menopausal symptoms, neuralgia,
angina, insomnia, and arthritis.  Constituents of Dong quai, typically identified using gas
chromatography-mass spectrometry or high-performance liquid chromatography techniques, include alkyl
phthalides, furanocoumarin, coumarins, terpenes, phytosterols, organic acids, and an immune-stimulating
polysaccharide. Dong quai is commercially available in a variety of forms (e.g., capsules, tablets,
tinctures) via the Internet, natural food stores, drug stores, chemical companies, and other retail stores. It
is available solely and in a mixture with other herbs, vitamins, and minerals. Dong quai is marketed in
the United States as a dietary supplement. It is typically processed by soaking, steaming, boiling, or
frying A. sinensis in a variety of solvents (e.g., Chinese wine). Fumigation also may be used to process 4.
sinensis roots. The method of processing affects the composition of the A. sinensis extract. In addition to
dietary supplements, exposure to Dong quai may occur through use of cosmetics or consumer products.
According to 21CFR182.10, Angelica, Angelica root, and Angelica seed are generally recognized as safe
for their intended use, within the meaning of Section 409 of the Food, Drug, and Cosmetic Act.

Human Data

Many human studies evaluating the beneficial effects of Dong quai have been conducted to date; many
focused on the alleviation of menopausal symptoms. Overall, studies suggest that there is little evidence
to support the use of Dong quai for any condition, including menopausal symptoms, kidney diseases, and
coronary artery disease. Reported adverse effects include headaches, sedation/drowsiness, insomnia,
fever/sweating/hot flashes, abnormal heart rhythms, blood pressure abnormalities, wheezing/asthma,
worsened premenstrual symptoms, nephrosis, skin rash, gastrointestinal upset, acute onset of
hypertension, and increased international normalized ratio. Dong quai may exacerbate effects produced
by anticoagulant or antiplatelet drugs and herbs. Dong quai also may modulate effects of drugs that cause
photosensitivity or affect heart rhythm. Numerous contraindications to Dong quai consumption have
been noted. The constituents/analogues indirubin and meisoindigo in the Danggui Luhui Wang formula
were reported to induce remission in patients with chronic phase chronic meylogenous leukemia.

Toxicological Data

No initiation/promotion, genotoxicity, or immunotoxicity studies were available for Dong quai.
Additionally, data regarding chronic exposure, carcinogenicity, cogenotoxicity, and antigenotoxicity were
not found for Dong quai or its constituents.

Chemical Disposition, Metabolism, and Toxicokinetics

The plasma concentration-time curve of ferulic acid, after oral administration of Radix A. sinensis and
Cortex Cinnamomi to mice, conformed to a one-compartment model. Intragastric administration of Radix
A. sinensis to rats resulted in peak plasma ferulic acid concentrations 5 minutes after treatment. In rats
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exposed to a mixture of Radix astragli and Radix A. sinensis, ferulic acid was rapidly absorbed and
eliminated. In rabbits given danggui oral solution (DOS), 32 components were common in plasma
samples and DOS. Rabbit studies also showed that >40 components were absorbed after oral
administration.

Studies with ligustilide showed that absorption after oral administration and intraperitoneal injection was
rapid. The diffusion rate of ligustilide from blood to tissues was moderate, while the elimination rate was
time- and dose-dependent. The wide distribution of ligustilide in tissues suggested that it could cross the
blood-brain barrier. In vitro studies indicated that metabolism occurred only in the presence of an
NADPH-regenerating system. Oral administration of d/-3-n-butylphthalide to rats showed that a majority
of the applied dose was excreted in 24 hours.

Acute Toxicity
The LDs, values for Dong quai in mice was reported to be 100 g/kg (root extract) and 38 and 50 mL/kg

(dried root; ethanol-water extract). The LDs, values for ferulic acid and 3-butylidenephthalide were
reported to be >857 mg/kg. Acute toxicity studies indicate that administration of Dong quai produced no
effects at a dose up to 5000 mg/kg. Intraperitoneal and intravenous (i.v.) injection of ferulic acid into
mice caused behavioral changes and pleural thickening (i.v. only).

Short-term and Subchronic Exposure

A short abstract reported that daily oral administration of an alcoholic extract of A. sinensis for 3 months
caused no significant changes in body or tissue weights or evaluated hematological and histopathological
endpoints.

Synergistic/Antagonistic Effects

Dong quai has been reported to have many synergistic effects with various chemicals. For example, A.
sinensis was observed to have a protective role on cartilage tissue and in the proliferation and
differentiation of neural stem cells from hypoxic embryonic rats. A. sinensis alleviated bleomycin-
induced pulmonary fibrosis in Sprague-Dawley rats. The ethanol extract of Angelicae Radix significantly
inhibited the interferon-y and tumor necrosis factor-o mediated cytotoxicity of rat thyroid cells. A low
molecular weight fraction of an aqueous extract of A. sinensis had a protective effect in mice against
lethal endotoxemia and sepsis.

In mice, polysaccharides from A. sinensis had a protective effect on bone marrow and gastrointestinal
tissues against the cytotoxicity of cyclophosphamide, while sodium ferulate improved acetaminophen-
induced liver toxicity, inhibited serum alanine aminotransferase activity, prevented depletion of liver
glycogen and glutathione, increased liver homogenate and microsomal gluathione S-transferase activities,
and reduced malondialdehyde content, mitochondria, and liver microsomal membrane fluidity. Ferulic
acid inhibited cytochrome c-induced apoptosis in bovine hearts.

Cytotoxicity
Studies have shown that constituents of Angelicae Sinensis Radix were cytotoxic against mouse

lymphocytic leukemia (L1210 cell line), human leukemia (K562 cell line), malignant glioblastoma
multiforme cells, and mouse maloncytes. Studies also showed that Dong quai had cytotoxic effects
against cancer cells. Overall, 4. sinensis extracts produced antiproliferative and proapoptotic effects in
numerous human and rodent cancer cell lines and types.

Reproductive and Teratological Effects
Subcutaneous injection of mice with an aqueous extract of 4. sinensis had no effect on fertility. When
Dong quai was administered to rats as part of a formulation (composed of six crude drugs including A.
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Radix), increased placental blood flow and fetal body weight was observed. Development of small-for-
date baby was decreased by administration of the formulation.

Initiation/Promotion Studies

No data were available for Dong quai. Topical application of ferulic acid to female mice, initiated with
7,12-dimethylbenz[a]-anthracene (DMBA) and promoted with 12-O-tetradecanoylphorbol-13-acetate
(TPA), inhibited the number of TPA-induced tumors per mouse. However, ferulic acid had no effect
when skin tumors were initiated in mice using DMBA followed by promotion with TPA.

Anticarcinogenicity

Numerous studies have shown that Dong quai and its constituents have anticarcinogenic effects. For
example, when Angelica radix was administered to mice before and after transplantation of Ehrlich
tumors, high survival and cure rates were reported. Polysaccharides isolated from A. sinensis, ferulic
acid, arabinoglucan, n-butylidenephthalide, and 3-n-butylphthalide also exhibited anticarcinogenicty
effects on human and rodent cancers in vitro and in vivo.

Genotoxicity
No data were available for Dong quai. Ferulic acid was negative for mutagenicity in Salmonella

typhimurium in the presence and absence of metabolic activation.

Immunotoxicity
No data were available for Dong quai. When bergapten was orally administered to guinea pigs, an

association between serum concentration and the phototoxicity (mainly in the epidermis) was observed.

Other Data

There are conflicting results in the literature on the effects of Dong quai in the endocrine system. While
some studies indicated that Dong quai produces estrogen-like effects (e.g., increased MCF-7 cellular
proliferation and affinity for estrogen receptors), other studies indicated minimal endocrine activity or
suggested that the effects may not occur through interaction with the estrogen receptor. A study showed
that ethanol extracts of Dong quai had anti-estrogenic and -androgenic activity.

Overall, studies with enzymes showed that extracts of A. sinensis can modify the activity of a variety of
enzymes, including metabolic enzymes. Male rats gavaged with aqueous and ethanol extracts of Dong
quai had increased liver microsome protein content and decreased cytochrome P450 levels. Results also
showed that aqueous and ethanol extracts of Dong quai differentially modulated cytochrome P450
isoform activities. In vivo studies with A. sinensis polysaccharides (ASP) showed that ASP increased
P450 levels and activities of additional metabolic enzymes (e.g., NAPH-cytochrome C reductase).

There are conflicting results on the effects of A. sinensis extracts on cellular proliferation and apoptosis.
While some studies showed that 4. sinensis extracts possess anti-proliferative and pro-apoptotic activities
in vascular smooth muscle cells and rat T6 cells, others reported that Angelica extracts induced
proliferation in murine bone marrow mononuclear and gastric epithelial cells. Dong quai also induced
differentiation of mesanchymal stem cells and migration of gastric epithelial cells.

A. sinensis and Dong quai and its components modulate the expression of a variety of genes, which were
proposed to play an integral role in the observed effects of Dong quai (e.g., neuroprotective effects).
Additional activities ascribed to Angelica extracts and its active constituents include anxiolytic,
insecticidal, and antifungal activity; nephroprotective, gastric protective, and pulmonary system
protective effects; immunomodulatory effects; and antioxidant activity.
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Structure-Activity Relationships
No data were directly applicable. A discussion of the activity of some constituents is provided in
Appendix C.
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1.0 Bagsfor Nomination

Dong quai (Angelica sinensis [A. sinensis| root or root oil) was nominated for toxicological
characterization by a private individual because of its widespread use in dietary supplements,
lack of adequate toxicological data, and concern regarding potential adverse effects, particularly
for women of child-bearing age. It is a common ingredient used in traditional Chinese medicines
(TCMs) for dietary supplement and has numerous applications including treatment of menstrual
and menopausal symptoms, predominantly in Western medicine.

20 Introduction

Dong quai (Dang gui), a perennial herb from Gansu and Shanxi provinces of China, grows in
cold, damp, high-forested mountain terrain and in rich, deep sandy soil. It also is commonly
found in riverbanks and damp meadows and in countries such as the United Kingdom, Lapland,
and Iceland. It is widely cultivated and blooms in the summer with compound white umbels.
The main root is short (approximately 15-25 cm long) with additional roots branching off it. The
outer surface of the root is brown with irregular wrinkles and yellow flesh (R'vival, undated;
HolisticOnLine, 2000).

Compounds in Dong quai include alkyl phthalides (ligustilides, angelicide, and butylphthalide),
furanocoumarin (archangelicin, bergapten, and imperatorin), coumarins (angelol G and
angelicone), terpenes (cadinene and carvacrol), phytosterols (beta-sitosterol and stigmasterol),
organic acids (ferulic, succinic, and myristic), and an immunostimulating polysaccharide (Bhatti
et al., 2004). See Appendix C for more details about these compounds.

Dong quai
[308068-61-3 (root) and 299184-76-2 (extract)]

Source: MDidea Extracts Professional (2008)
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Major Constituents

Ligustilide Ferulic Acid 3-Butylidenephthalide
[4431-01-0] [1135-24-6] [551-08-6]
CH

3

HO

2.1  Chemical Identification and Analysis
Identification
Ligustilide (Ci2H1402; mol. wt. = 190.24) is also called:

1(3H)-Isobenzofuranone, 3-butylidene-4,5-dihydro-

PubChem CID: 158018
InChl: InChI=1/C12H1402/c1-2-3-8-11-9-6-4-5-7-10(9)12(13)14-11/h5,7-8H,2-4,6H2,1H3/b11-8-
Smiles: C1(O\C(C=2CCC=CC12)=C/CCC)=0

Ferulic acid (C;oH0O4; mol. wt. = 194.18) is also called:

2-Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl)-
3-(4-Hydroxy-3-methoxyphenyl)-2-propenoic acid
3-(4-Hydroxy-3-methoxyphenyl)acrylic acid
3-Methoxy-4-hydroxycinnamic acid
4-Hydroxy-3-methoxy cinnamic acid

Cinnamic acid, 4-hydroxy-3-methoxy- (8CI)
Coniferic acid

PubChem CID: 709
InChl: InChI=1/C10H1004/c1-14-9-6-7(2-4-8(9)11)3-5-10(12)13/h2-6,11H,1H3,(H,12,13)
Smiles: c¢lcc(\C=C/C(0)=0)cc(c10)OC

3-Butylidenephthalide (C;2H20,; mol. wt. = 188.23) is also called:

1(3H)-Isobenzofuranone, 3-butylidene-
3-Butylidene phthalide
3-Butylidene-1(3H)-isobenzofuranone
n-Butylidene phthalide

AlI3-37306

Butylidenephthalide

BdPh

Butylidene phthalide

EINECS 208-991-3
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FEMA No. 3333
Ligusticum lactone
NSC 325307

Phthalide, 3-butylidene-

PubChem CID: 642376 (3Z)-, 5352899 (3E)-
InChl: InChI=1/C12H1202/c1-2-3-8-11-9-6-4-5-7-10(9)12(13)14-11/h4-8H,2-3H2,1H3/b11-8+
Smiles: ¢\12¢(C(=0)OC1=C/CCC)cccc2

Sources: ChemIDplus (undated—a-c); PubChem (undated—a-c)

Analysis
Gas chromatography-mass spectrometry (GC-MS) has been used in a variety of applications for

the identification of components of TCMs, including Dong quai. GC-MS has been shown to
identify components in the essential oils of the main root and root fiber of Dong quai (L.-F.
Huang et al., 2004 [PMID:14658022]). Essential oils of 4. sinensis analyzed by GC-MS with
chemometric resolution identified 76 of 91 constituents. These constituents amounted to 91.36%
of the total content with ligustilide, butylidene phthalide, 2-methoxy-4-vinylphenol, carvacrol,
allo-ocimene, 2,6,6-trimethylbicyclo-[3,1,1]hept-2-ene as the main constituents of A4. sinensis
root (M. Wu et al., 2005). Ligustilide was extracted from A. sinensis and Ligusticum chuanxiong
by water at 150 °C and 40 bar, concentrated by headspace solid-phase microextraction and
analyzed by GC-MS (C. Deng et al, 2005 [PMID:16117002]). Volatile oils from Japanese and
North Korean varieties of A. sinensis (Oliv.) obtained by steam distillation of fresh leaves and
whole flowers and analyzed by GC and GC-MS detected approximately 50 compounds including
(Z£)-ligustilide in Japanese leaf, flower oils and in oils of North Korean variety (11.9, 33.6, and
13.6%, respectively) (Dung et al., 1996). Rapid analysis of (Z)-ligustilide in rabbit plasma after
oral administration of the essential oil of Dong quai also was possible using headspace single-
drop microextraction followed by GC-MS (Dong et al., 2007 [PMID:17623474]). Volatile
components in dry root samples of A. sinensis and A. pubescens (Duohuo) determined by
headspace solid-phase microextraction GC-MS method identified 36 and 87 compounds in A.
sinensis and A. pubescens roots, respectively (G. Song et al., 2004).

High-performance liquid chromatography (HPLC) also has been widely used in the evaluation of
the components of Dong quai. HPLC with ultraviolet detection analyzed ligustilide and ferulic
acid content in different extracts of 4. sinenses (J.-C. Song et al., 2007). S. Wang et al. (2007)
showed that HPLC, coupled with discriminant analysis, could differentiate A. Sinensis (Oliv.)
Diels from different geographic regions based on development of a chromatographic fingerprint.
HPLC with pulsed amperometric detection combined with atmospheric pressure chemical
ionization (APCI) and electrospray ionization mass spectrometry identified 15 constituents (such
as (Z)-ligustilide, (Z)-butylidinephthalide, polysaccharides, and ferulic acid) of A. sinensis
(Y.-L. Wang, et al.,, 2007 [PMID:17623360]). Using HPLC, the average content of
(2)-ligustilide in Szechwan Lovage Rhizome herb, was determined to be 7.40 + 3.54 mg/g
(S.-Q. Cheng et al., 2006 [PMID:17048579]). Using HPLC-electrospray ionization-mass
spectrometry, 16 compounds, including phthalides, were identified in the rhizome of 4. sinensis
(Lin et al., 1998).
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The pharmacokinetics of five main bioactive components of Daggui Buxue Tang extract in rat
plasma was studied using liquid chromatography-mass spectrometry (LC-MS) (Wen et al., 2008
[PMID:18346946]). Additionally, the pharmacokinetics of ligustilide have been studied in rats
using GC-MS (Y. Shi et al., 2006 [PMID:16583458]). In rabbit plasma, rapid screening and
analysis of various absorbed bioactive components and metabolites of Dangguibuxue decocotion
was performed using liquid chromatography/diode array detection mass spectrometry (LC/DAD-
MS) with the metabolic fingerprinting technique; 46 components were found absorbed (P. Wang
et al., 2007 [PMID:17154345]). In a separate study, the same technique was used with
atmospheric pressure chemical ionization mass spectrometry in negative mode (LC-DAD-APCI-
MS); >32 constituents were found absorbed (Y.-L. Wang et al., 2005 [PMID:16132135]). The
absorption of A. sinensis in rabbit plasma has also been evaluated with HPLC-DAD-MS and
multicomponent spectral correlative chromatography; >40 ingredients were found absorbed into
rabbit body (Y.-L. Wang et al., 2006).

Ferulic acid extracted from two types of A. sinensis and analyzed by HPLC reported 100%
recovery with 3.19% relative standard deviation (Ma and Ding, 2006). Ferulic acid extracted
from the roots of A. sinensis with supercritical CO, showed maximum content of 0.35-0.37%
ferulic acid; conventional percolation methods showed higher amounts (0.61-0.85%) of ferulic
acid (Sun et al., 2006 [PMID:16753921]).

Another method of analyzing radix A. sinensis is by powder X-ray diffraction Fourier
fingerprinting pattern method (S. Wang et al., 2003 [PMID:14768388]).

2.2 Physical-Chemical Properties

Property Information Refer ence(s)
Ligustilide

Physical State not available

Odor not available

Boiling Point (°C) 377+ 11.0 @760 mm Hg (calculated)  Registry (2006)
Melting Point (°C) not available

Flash Point (°C) 158.6 £ 16.7 (calculated) Registry (2006)
Vapor Pressure (mm Hg) 6.55x10° (calculated) Registry (2006)
Specific Gravity 1.10 £ 0.1 g/em’ (calculated) Registry (2006)
Water Solubility not available

Octanol-water partition not available

coefficient (log Kow)
Bioconcentration Factor 58.07 (pH1-10) @ 25°C (calculated) Registry (2006)
LogP 2.624 +£0.433 @ 25°C (calculated) Registry (2006)
Ferulic acid

Physical State not available
Odor not available
Boiling Point (°C) not available
Melting Point (°C) not available
Flash Point (°C) not available
Vapor Pressure (mm Hg) 2.69x10° @ 25 °C (estimated) ChemlIDplus (undated-b)
Specific Gravity not available
Water Solubility (mg/L) 5970 @ 25 °C (estimated) ChemIDplus (undated-b)
Octanol-water partition 1.51 ChemIDplus (undated-b)

coefficient (log Kow)
Note: Data for 3-butylidenephthalide were not available.
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Dong quai has a distinctive sweet, pungent aroma (Herb Database, undated). Many
alkylphthalides and their dimers have been identified as components of Dong quai extract.
(Z2)-Ligustilide, which represents about 60% of the total phthalide content, is unstable, changing
to other phthalides through oxidation, dimerization, and other chemical reactions. An epoxide is
one of the oxidation products (Lin et al., 1998).

23  Commercial Availability

Dong quai (root, extracts, tinctures, capsules, teas) is commercially available via the Internet
(e.g., Amazon.com, HerbWise, Viable Herbal Solutions, Allegro Medical Supplies, iHerb),
natural food stores, drug stores, and other retail stores. Chemical companies (e.g., Chromadex,
Inc., California and Spectrum Chemicals and Laboratory Products Inc., California) supply Dong
quai root and root powder as listed in their catalogs (ChemExper, 2008). It also is found in
nutritional supplements marketed by companies such as the Bayer Corporation and American
Home Products (Chain Drug Review, 1999).

Dong quai is marketed in the US as a dietary supplement (Want et al., 2005). It is available
solely and in a mixture with other herbs, vitamins, and minerals (e.g., Dong QuaiSingle Herb
Capsules, Dong QuaiStandardized Extract Tablets, Avlimil, Phyto Estrogen Power, Menopausal
Formula, and Menstrual-Ease) (Bhatti et al., 2004). It also is sold with brand names such as
GNC Herbal Plus Fingerprinted Dong quai 500 mg and GNC Natures Fingerprint Dong quai 550
mg. The Dietary Supplements Labels Database (2007), managed by the US National Library of
Medicine, shows that approximately 40 brand names contain "Dong quai" as one of their
ingredients (e.g., Rainbow Light PMS Relief, Natures Sunshine Flash Ease Tablets, Natural
Balance Ladies Choice, Planetary Formulas CholestGar, and Veglife Herbal Estrogen).

3.0  Production Proocesses

Processing of A4. sinensis includes soaking, steaming, boiling, or frying in Chinese wine, rice
vinegar, juice of ginger or other herbs; or fried with rice, earth, or urine of children. The method
of processing affects the concentration of constituents (volatile oils, saccharide and ferulic acid)
of A. sinensis (Yu, 2006).

Fresh roots of 4. sinensis (Oliv.) Diels samples (A, B, and C) were collected and processed
(based on 2002 Good Agricultural Practice Guidelines in China) by fumigating with fumes from
burning wheat stems, broad bean stems, and wood, respectively. Samples D and E were dried in
shade and sunlight, respectively. Constituents of the processed samples were then analyzed by
UV/VIS spectrophotometry (for polysaccharides), HPLC (for (Z)-ligustilide and free and total
ferulic acid), and Fourier-transform infrared spectra. Results showed that the fumigation process
from burning wheat stems (Sample A) yielded the highest levels of ligustilide, free ferulic acid,
and total ferulic acid; the level of polysaccharides also were relatively higher in content. The
authors concluded that that the fumigation with wheat stems can be considered the most suitable
for processing (G.H. Lu et al., 2006 abstr.).

In vitro culture before planting described a suspension culture of embryogenic callus taken from
embryos of A. sinensis, shaken at 100 rpm and 0.3% agar added to produce somatic and
germinating embryos. Forty percent of germinating embryos survived after culturing on filter
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paper wetted with Murashige and Skoog basal medium in 3% sucrose and then planted in the soil
successfully (Tsay and Huang, 1998). A tissue culture method for in vitro propagation via
embryogenesis and organogenesis of some Chinese herbs including A. sinensis and other
medicinal plants also was reviewed by Nalawade and Tsay (2004).

A. sinensis are sliced (1.7-2.7 mm thick), air or oven dried at <45 °C, mixed with yellow wine,
and fried at <50 °C until dark brown. The extracted pieces were then made into granules by
decocting in water to obtain a concentrated extract, mixed with an adjuvant, granulated, dried,
and graded. Ferulic acid and ligustilide content in the extracted pieces were found to be not less
than 0.05 % and 0.08 %, respectively (Y. Zhang et al., 2008 pat.).

[Note: Hsu and Fu (2004) noted that some herbal extracts exhibited detectable levels of
endotoxin (>1 ng/mL). The authors indicate that the levels are greater than those necessary for
cytokine production. Therefore, endotoxin contamination should be assessed in herbal extracts.]

40  Productionand Import Volumes
A 1996 Whole Foods survey of health food stores (100/9,000 stores responded) showed Dong
quai ranked 17" in herbal supplement sales volume (American Botanical Council, 1999).

50 Usses

Dong quai has been used for thousands of years in traditional Chinese, Korean, and Japanese
medicine and is usually combined with other herbs. The powdered root of A. sinensis can be
used in capsules, tablets, tinctures, or as tea (HolisticOnLine, 2000). It is purported to curtail
excess antibody production, reduce food allergies, and lessen inflammatory reactions. It has
been shown to suppress high TH2 cytokine profile in individuals with CFIDS, AIDS, and
chronic candidiasis (Anonymous, 1998 [PMID:11366544]).

In China, Dong quai has been used to treat a variety of ailments. It has been used to treat blood
deficiency and blood stagnation (in Si Wu Tang mixture) and spleen deficiency and liver Qi
stasis (in Xia Yao San mixture) (Belford-Courtney, 1994; Memorial Sloan-Kettering Cancer
Center, 2007; Zhu, 1987 [PubMed:3425569]). It also has been used to treat dehydration,
lumbago, hypertonia, and nervous disorders in folk medicine (WHO, 2004). Dong quai has been
used in injection into acupuncture points, for painful injury, neuralgia, angina, and arthritis.
Angelica root in chicken soup is used after childbirth (Herb Database, undated). Dong quai has
been referred to as the "female ginseng" and serves as an all-purpose women’s herb (Memorial
Sloan-Kettering Cancer Center, 2007). It is used to regain normal menstrual cycles after taking
birth control pills and relief from hot flashes during menopause. It can be used as a mild
laxative, for insomnia, and to stabilize blood pressure in both men and women (Raintree
Nutrition, 1996). Dong quai combined with other herbs has been proposed to be used for the
treatment of obesity (Fujimoto, 2001 pat.). A. sinensis oil containing >60-99% ligustilide also
has been proposed to treat and prevent diseases caused by endotoxin and to control inflammation
factors induced by endotoxin (Teng et al., 2006 pat.). Dong quai also has been included in
specialty bath and body products (Grossman, 1999).

6.0 Environmental Occurrence and Persistence
No relevant data were available.
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7.0 Human Exposure

Exposure from Herbal Dietary Supplements and Traditional Medicines

In the 2000 edition of the Pharmacopoeia of the People's Republic of China, more than 80
formulas include 4. sinensis root. The Japanese Pharmacopoeia includes 56 formulations with
A. sinensis root (Deng, 2005 diss.). Many single- and multi-ingredient products containing
powdered or dried root slices, Dong quai root fluid extracts, tinctures, decoctions, and its
essential oil as well as dried leaf preparations are available as dietary supplements.

The recommended dosage of Dong quai depends upon the manufacturer and can be highly
variable. Dong quai dosages in dietary supplements, as shown in the Dietary Supplements
Labels Database (2007), range from 10 to 550 mg/day. Additional recommended dosages
include 3 to 3.6 g powdered herb/day, 0.75 to 30 g crude Dong quai root/day, and 4.5 to 9.0 g
crude drug/day (MedFacts Natural Products Professional Database, undated; University of
Maryland Medical Center, 2008; WHO, 2004). According to HighBeam Encyclopedia (2004),
oral dosages of additional forms of Dong quai are:

*  Dried root: 3-15 g daily by decoction

*  Powdered root: 1-2g 3 x/day

e Tea: I cup 1-3 x/day (1 g/cup)

*  Tincture (1:2): 4-8 mL (1-2 tsp)/day.

It has been suggested that long-term use of Dong quai products should be avoided due to the
content of safrole in the essential oil of Dong quai (Natural Standard Research Collaboration,
2008).

Exposure from Cosmetics

The Skin Deep Cosmetic Safety Database lists 19 cosmetic products that contain Dong quai root
extract. Sunscreen products with Dong quai typically limit content to less than one percent
(Natural Standard Research Collaboration, 2008).  Other substances in multi-ingredient
formulations may influence dermal absorption of Dong quai constituents such as ferulic acid
(Wei et al., 2000 [PMID:12205970]).

Exposure to Constituents in Common with Other Herbal Dietary Supplements, Foods, and
Cosmetics

Several constituents present in Dong quai have been found in other dietary supplements and
foods. Phthalides have been found in other Angelica species (e.g., A. gigas), Ligusticum
chuanxiong (or wallichi), and Levesticum officinale (lovage) (Blumenthal, 1998; Dr. Duke's
Phytochemical and Ethnobotanical Databases, 2008). Ligustilide was reported at 5000 ppm in
the essential oil of celery. Dr. Duke's Phytochemical and Ethnobotanical Databases (2008)
indicated that ferulic acid has been found in garlic bulbs, potatoes, spinach and cabbage leaves,
citrus fruits, peanuts, and corn.

Several fruits, vegetables, and cold-pressed oils from citrus fruits contain furocoumarins (e.g., 5-
[bergapten] and 8-methoxypsoralens), which may be used as food and cosmetic ingredients.
Furocoumarins, when combined with ultraviolet radiation, may be phototoxic, cytotoxic, and
mutagenic. Bergapten was found in citrus fruits, parsnips (3800 ppm), carrots (0.3 ppm), and
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celery. The Senate Commission on Food Safety (SKLM) of the Deutsche
Forschungsgemeinschaft reviewed these two furocoumarins for safety and stated that typical
amounts of processed foods that have been correctly stored present no significant risk for
phototoxicity (DFG SKLM, 2004). EMEA (2007) concluded that there were no additional risks
associated with furocoumarin ingestion at up to 15 pg/day from A. archangelica and other
Angelica species when total furocoumarin exposure was as much as 1.5 mg/day. However, use
in children and pregnant women was contraindicated. Additionally, if dietary supplement use
would lead to a furocoumarins exposure of more than 1.5 mg/day, the Agency stated that a
detailed risk benefit assessment was necessary.

Contamination by Lead or Pesticides

Herbs for traditional Chinese medicine grown in China may be harvested from soils
contaminated with heavy metals, which may lead to contamination by lead or pesticides. Lead
concentrations were determined in purchased preparations of A. sinensis radix and a combination
drug Shy-Wuh-Tang with 4. sinensis. A. sinensis radix with 19.42 + 0.01 pg Pb/kg had the
lowest concentration while Shy-Wuh-Tang had the highest (322.31 = 0.30 pg Pb/kg). A study of
lead concentrations in breast milk of women who took Chinese herbal medicines found
significantly higher lead concentrations in the consumption group than in the control group.
Intakes by two infants were estimated to have exceeded a provisional tolerable daily intake of
3.57 ng Pb/kg bw/day. The authors concluded that herbal consumption increased lead levels in
breast milk and in nursing infants (L.C. Chien et al., 2006 [PMID:16398988]).

8.0 Regulatory Status
In 21CFR182.10, Angelica, Angelica root, and Angelica seed [Angelica archangelica L. or other
spp. of Angelica.] are listed as spices and other natural seasonings and flavorings that are

generally recognized as safe for their intended use, within the meaning of Section 409 of the
Federal Food, Drug, and Cosmetic Act (U.S. FDA, 2003).

9.0 Toxicological Data
9.1  General Toxicology

9.11 Human Data

Clinical Trials

Many human studies of the beneficial effects of Dong quai are available; a few are reviewed
here. No attempt was made to retrieve all studies to identify side effects. The Natural Standard
Monograph stated that little human evidence supports the use of Dong quai for any condition,
including menopausal symptoms, kidney diseases, and coronary artery disease (Natural Standard
Research Collaboration, 2008). Human efficacy studies for treatment of menstrual disorders
were reviewed by WHO (2004). Most clinical studies have been poorly designed, reported
insignificant results, and/or used multi-ingredient formulations. Other clinical studies and
pharmacological activities of 4. sinensis and some of its active principles, including
polysaccharides, ferulic acid, and ligustilide were reviewed by Deng (2005 diss.).

A double-blind, randomized, placebo-controlled six-month clinical trial of Dong quai was
conducted with 71 postmenopausal women (61 completed the study). No statistically significant
differences between the treated and placebo groups were observed in any of the measures
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evaluated (e.g., endometrial thickness and number of vasomotor flushes ["hot flashes"]).
Frequencies of burping, gas, and headache were similar in both groups (Hirata et al., 1997
[PMID:9418683]).

A double-blind, randomized, placebo-controlled study of A. sinensis used alone to treat hot
flashes in men with prostate cancer who have been deprived of androgen for at least one month
is being conducted by Lawson Health Research Institute at the Urology Clinic and Prostate
Centre, St. Joseph's Health Care London (Ontario, Canada). [Noted: The trial has an estimated
completion date of July 2008 (ClinicalTrials.gov, 2008 [Identifier NCT00199485]). No interim
publications were identified.]

Studies also have been conducted with herbal preparations that contain A. sinensis. In a one-year
randomized, double-blind, placebo-controlled U.S. clinical trial Dong quai, in a multibotanical
preparation, was shown to have no effect on vaginal epithelium, endometrium, or reproductive
hormones (Reed et al., 2008 [PMID:18257142]). Comparatively, a randomized, double-blind,
multiple-dose escalation study of Danggui Buxue Tang (Radix Angelicae and Radix Astragali)
(DBT) showed that DBT was better than placebo in controlling vasomotor symptoms of
postmenopausal Chinese women (Haines et al., 2007 abstr.; ClinicalTrials.gov, 2008 [Identifier
NCT00420576]). Additionally, two different herbal preparations containing A. sinensis were
reported to be effective for the treatment of menopausal symptoms in 12-week, placebo-
controlled trials (Huntley and Ernst, 2003; Kupfersztain et al., 2003 [PMID:14664413]).

ClinicalTrials.gov (2008 [Identifier NCTO00421564]) further identified a clinical trial that
evaluated the effect of DBT on menopausal symptoms of hot flushes and sweating.

Adverse Effects

Case Reports

After a 32-year-old woman ingested two servings of a Chinese soup containing Malaysian Dong
quai, she suffered an acute onset of hypertension accompanied by headache, weakness, light
headedness, and vomiting. Her condition returned to normal within 12 hours. Her breast-fed
infant was hypertensive the next day; his pressure returned to normal after 48 hours while breast-
feeding was withheld. The Malaysian preparation was judged to be "true dong quai" and showed
no analytic differences with other purchased Dong quai products (Nambiar et al., 1999 lett.).

A 46-year-old African-American woman, taking warfarin, showed a increased prothrombin time
and international normalized ratio, which is a measure of time needed for blood to clot, after use
of Dong quai at daily doses of one to two 565-mg tablets per day for four weeks. Levels
returned to the acceptable range one month after cessation of Dong quai (Page and Lawrence,
1999 [PMID:10417036]).

A case report of a Singapore man who developed gynecomastia after taking Dong quai pills may
have been due to adulteration with synthetic estrogen (EBSCO Publishing, 2004; Goh and Loh,
2001 [PMID:11405562]).
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Side Effects
No reliable studies of adverse effects from chronic exposure to Dong quai are available.

However, the Natural Standard Monograph (Natural Standard Research Collaboration, 2008)
listed the following as side effects reported in well-designed studies:

headache abnormal heart rhythms reduced menstrual flow
light headedness/dizziness blood pressure nephrosis
sedation/drowsiness abnormalities skin rash

insomnia wheezing/asthma upset stomach
irritability laxative effects/diarrhea nausea and vomiting
fever/sweating/hot flashes worsened premenstrual burping or bloating
weakness symptoms loss of appetite
Immunotoxicity

Few studies or case reports were found regarding dermal sensitivity to Dong quai. Radix
Angelicae Pubescentis was frequently positive in patch tests among 30 patients with dermatitis
who used TCM. Radix Angelicae Dahuricae had low allergenicity (H.H. Chen et al., 2003
[PMID:14641114]). A case study showed that Dong quai extract produced an early asthmatic
response in bronchoprovocation tests but no specific immunoglobulin E binding. The extract
released a greater amount of histamine from basophils of the patient than from those of a healthy
control, which may have led to the bronchoconstriction in the patient (S.K. Lee et al., 2001
[PMID:11345295]). [The Angelica radix used may have been the Korean species.] Dong quai
constituents, bergapten and psoralens, may induce dermal photosensitivity responses (Graedon
and Graedon, 1999).

Human Drug Interactions

Dong quai may exacerbate effects produced by anticoagulant (blood-thinning) or antiplatelet
(antithrombotic) drugs and herbs such as Coumadin® (warfarin), heparin, aspirin, ibuprofen (e.g.,
Advil®), naproxen (e.g., Aleve®), celecoxib (Celebrex®), Clopidogrel hydrogen sulfate (Plavix®),
Ticlopidine (e.g., Ticlid®), Pentoxifylline (e.g., Trental®), Ginkgo, Ginseng, Licorice, and
Chamomile (Bhatti et al., 2004; EBSCO Publishing, 2004; St. Luke's Regional Medical Center,
2000). Other dietary supplements with documented potential interactions with warfarin (e.g.,
danshen, devil's claw, green tea, vitamin E, and coenzyme QI10; [Heck et al., 2000
[PMID:10902065]; S.-M. Huang, 2005]) might also increase bleeding risk when taken with
Dong quai.

Dong quai may potentiate effects of other drugs that cause photosensitivity such as tretinoin
(Retin-A®, Renova®) and some types of antidepressants (e.g., serotonin reuptake inhibitors,
antineoplastic, antibiotic, and antipsychotic drugs; the dietary supplement St. John's wort); and
products containing capsacain (e.g., Zostrix®). Drugs that affect heart rhythm such as digoxin; f-
blockers (e.g., metoprolol [Lopressor®, Toprol®]); calcium-channel blockers (e.g., nifepidine
[Procardia®]); or other anti-arrhythmic drugs also may be potentiated by Dong quai. Dong quai
interaction with estrogenic drugs used for birth control or hormone replacement and selective
estrogen receptor (ER) modulators is unknown (Natural Standard Research Collaboration, 2008).
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Contraindications
Dong quai is not recommended for

* Pregnant or nursing mothers

*  Women who have had breast cancer

* Children or patients with diarrhea

* Patients with hemorrhagic diseases or hypermenorrhea

* Patients with gastroesophageal reflux

* Persons who have prolonged exposure to sunlight or to artificial ultraviolet light

* Patients with diabetes or glucose intolerance

* Persons with known allergic sensitivity to plants in the Apiaceae/Umbelliferae family ()
(Graedon and Graedon, 1999; Lau et al., 2005 [PMID:16278617]; Natural Standard Research
Collaboration, 2008; Tilgner, 1999; WHO, 2004).

It is not clear whether Dong quai use would be unsafe in persons with other hormone-sensitive
conditions (Natural Standard Research Collaboration, 2008).

Anticarcinogenicity

The constituents/analogues indirubin and meisoindigo in the Danggui Luhui Wang formula were
reported to induce hematologic remission in patients with chronic phase chronic meylogenous
leukemia (Xiao and Hao, 2006).

9.1.2 Chemical Dispostion, Metabolism, and Toxicokinetics
Details of the following studies are presented in Table 1.

A. Sinensis Alone or in a Binary Mixture (Detection of Ferulic Acid)

When a combination of Radix A. sinensis and Cortex Cinnamomi was orally administered to
mice, the plasma concentration-time curve of ferulic acid (one-compartmental model) resulted in
a relative bioavailability of 226.75% (Z.Y. Yang et al., 2006 [PMID:17048653]). After oral
(intragastric) administration of Radix A. sinensis (dose not provided) to rats, peak ferulic acid
concentrations in plasma were observed at 5 minutes after treatment; half-life was ~89 minutes.
The values of normalized AUC;3 (area under plasma-concentration time curve from 0 to 180
minutes) and cmax (peak concentration) by dose of ferulic acid were ~4376 ng-min/mL and 109
ng/mL, respectively (X.D. Liu et al., 2003). In rats fed DBT, ferulic acid was rapidly absorbed
and eliminated. [Noted: Comparisons were made with four other components (calycosin-7-O-[3-
D-glucoside, ononin, astragaloside I, and stragaloside IV)] (Wen et al., 2008 [PMID:18346946]).

In a rabbit given danggui oral solution (DOS) (50 g/kg), 32 components found common in both
plasma samples and DOS were absorbed into the body. Ten other peaks were found only in the
plasma samples—possible metabolites of the chemicals in the DOS (Y.L. Wang et al., 2005
[PMID:16132135]). In a follow-up study using a multicomponent spectral correlative
chromatography algorithm, >40 chemical ingredients were found absorbed into the rabbit body
[data, similar to 2005 study, not presented in table] (Y.L. Wang et al., 2006). In another similar
study, 46 components in an oral solution of Dangguibuxue decoction, composed of huangqi
(Radix astragali) and danggui (Radix A. sinensis) (5:1 m/m), were found absorbed into the rabbit
body (P. Wang et al., 2007 [PMID:17154345]).

11
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Ligustilide

When rats were orally administered ligustilide (20 mg/kg), absorption of ligustilide was rapid;
peak concentration was reached at ~40 minutes. The diffusion rate of ligustilide from blood to
tissues was moderate (distribution volume, ~2.2 L/kg), while the elimination rate was variable:
rapid elimination was seen from 0.65 to 3 hours, while a slightly slower elimination was seen
from 3 to 12 hours. The wide distribution of ligustilide in tissues suggested that it could cross
the blood-brain barrier (Y. Shi et al., 2006 [PMID:16583458]).

In another study, the rapid absorption of ligustilide (500 mg/kg) via the oral route was observed.
Bioavailability was 2.6% and plasma concentration decreased in a multiphase manner.
Similarly, when administered via intraperitoneal (i.p.) injection, ligustilide (26 or 52 mg/kg) was
rapidly absorbed (see Tmax) and eliminated (t;2); pharmacokinetic parameters were found to be
dose-dependent.  Intravenous administration of ligustilide to rats resulted in widespread
distribution in the body (V4) and rapid elimination (t;2) from plasma; elimination and clearance
were significantly faster as the Chuanxiong extract than as the pure form. Bioavailability was
~46% for the i.p. route with the Chuanxiong extract (compared to the pure form) and 52% and
98% via the i.p. route with the low and high doses, respectively. Additionally, 15 metabolites
were found; of these, seven were identified (including butylidenephthalide). Metabolism
occurred in vitro in rat intestinal S9 fractions or microsomes only in the presence of an NADPH-
regenerating system (R. Yan et al., 2008 [PMID:18039808]). [The authors proposed metabolic
pathways of ligustilide in the rat; see Figure 4 in publication.]

dl-3-n-Butylphthalide (NBP)

When rats were orally administered *H-NBP (dose not provided), ~74% of the applied dose was
excreted in the urine and feces at 24 hours and 2.53% at 72 hours, indicating no accumulation of
NBP. Two metabolites were detected: MI in the brain, and MI and MII in the urine. Because
the ratio of radioactive MI to NBP was 1:1 in the brain at 1 hour after dosing, MI and MII were
proposed as the main in vivo metabolites of NBP and MI an active metabolite (C.H. Wang et al.,
1997 [PMID:11596286]).
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