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Introduction

Role of the WHO monographs on selected medicinal plants

The first volume of the WHO monographs on selected medicinal plants, containing
28 monographs, was published in 1999. It is gratifying that the importance of
the monographs is already being recognized. For example, the European Com-
mission has recommended volume 1 to its Member States as an authoritative
reference on the quality, safety and efficacy of medicinal plants. The Canadian
Government has also made a similar recommendation. Furthermore, as hoped,
some of WHO’s Member States, such as Benin, Mexico, South Africa and Viet
Nam, have developed their own monographs based on the format of the WHO
monographs.

The monographs are not only a valuable scientific reference for health
authorities, scientists and pharmacists, but will also be of interest to the general
public. There can be little doubt that the WHO monographs will continue to
play an important role in promoting the proper use of medicinal plants through-
out the world.

Preparation of monographs for volume 2

At the eighth International Conference on Drug Regulatory Authorities
(ICDRA) held in Manama, Bahrain, in 1996, WHO reported the completion of
volume 1 of the WHO monographs. Member States requested WHO to con-
tinue to develop additional monographs. As a consequence, preparation of the
second volume began in 1997.

During the preparation, the number of experts involved, in addition to
members of WHO’s Expert Advisory Panel on Traditional Medicine, signifi-
cantly increased compared to that for volume 1. Similarly, the number
of national drug regulatory authorities who participated in the preparation
also greatly increased. This global network of active collaborators facilitated
wider access to the scientific references and information, thus increasing both
the quality and quantity of the monographs. These combined efforts greatly
improved the efficiency of the preparation. As for volume 1, the monographs
were drafted by the WHO Collaborating Centre for Traditional Medicine at the
University of Illinois at Chicago, United States of America.

The Second WHO Consultation on Selected Medicinal Plants was held in
Ravello-Salerno, Italy, in March 1999 to review and finalize the draft mono-
graphs. Twenty experts and drug regulatory authorities from WHO Member
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States participated (see Annex 1). Following extensive discussion, 30 of 31 draft
monographs were approved for volume 2. At the subsequent ninth ICDRA in
Berlin, Germany in April 1999, the 30 draft monographs were presented, and
Member States requested WHO to publish them as soon as possible.

Purpose and content of the monographs

The purpose of the monographs was clearly explained in the introduction to
volume 1, and it is unnecessary to repeat it here. However, it is important to
emphasize that the word “monograph”, as appears in the title, is used as a tech-
nical term only. These monographs are not intended to be official pharma-
copoeial monographs.

It should also be stressed that this publication is not intended to replace offi-
cial compendia such as pharmacopoeias, formularies or legislative documents.
Furthermore, the descriptions included in the section on medicinal uses should
not be taken as implying WHO’s official endorsement or approval. They merely
represent the systematic collection of scientific information available at the time
of preparation, for the purpose of facilitating information exchange.

A description of selected sections of the monographs is given in the General
technical notices. For easy reference, two cumulative indexes are also provided
as annexes. Annex 2 lists the monographs in alphabetical order of the plant
name, while Annex 3 is according to the plant material of interest.

Dr Xiaorui Zhang

Acting Coordinator

Traditional Medicine

Department of Essential Drugs and Medicines Policy
World Health Organization



General technical notices

These WHO monographs are not pharmacopoeial monographs. Their pur-
pose is to provide scientific information on the safety, efficacy and quality
control/quality assurance of widely used medicinal plants, in order to facilitate
their appropriate use in WHO’s Member States; to provide models to assist
WHO’s Member States in developing their own monographs or formularies for
these and other herbal medicines; and to facilitate information exchange among
WHO’s Member States.

The format used for volume 2 essentially follows that of volume 1.
However, to keep relevant sections together, Geographical distribution now pre-
cedes Description; and Dosage forms appears before Posology.

The Definition describes the identity of the plant material of interest and the
Latin binomial name of the source plant, the binomial name being the most
important criterion in quality assurance of the crude drug. Latin pharma-
copoeial synonyms and vernacular names, listed in the sections Synonyms and
Selected vernacular names, respectively, are those names used in commerce or by
local consumers. The monographs place outdated botanical nomenclature in
the synonyms category, based on the International rules of nomenclature.

The vernacular names listed are a selection of names from individual coun-
tries worldwide, in particular from areas where the medicinal plant is in
common use. The lists are not complete, but reflect the names found at the
time of preparation in official monographs, reference books and the Natural
Products Alert (NAPRALERT) database (a database of literature from around
the world on ethnomedical, biological and chemical information on medicinal
plants, fungi and marine organisms, located at the WHO Collaborating Centre
for Traditional Medicine at the University of Illinois at Chicago, USA).

A detailed botanical description (in Description) is intended for quality assur-
ance at the stages of production and collection of the source plant, whereas the
detailed description of the specific plant part used (the crude drug)—in Plant
material of interest—is for quality assurance at the manufacturing and commer-
cial stages. Geographical distribution is not normally found in official compendia,
but it is included here to provide additional quality assurance information.

General identity tests, Purity tests and Chemical assays are all normal compen-
dial components included under those headings in these monographs. Where
purity tests do not specify accepted limits, those limits should be set in accor-
dance with requirements of the respective national health authorities.

Each medicinal plant and crude drug contains active or major chemical con-
stituents with a characteristic profile that can be used for chemical quality
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control and quality assurance. These constituents are described in the section
Major chemical constituents.

Descriptions included in the section on Medicinal uses should not be taken
as implying WHO’s official endorsement or approval. They merely represent
the systematic collection of scientific information available at the time of prepa-
ration, for information exchange. Medicinal uses are categorized as uses sup-
ported by clinical data; uses described in pharmacopoeias and in traditional
systems of medicine; and uses described in folk medicine, not yet supported
by experimental or clinical data.

The first category includes medicinal indications that are well established
in some countries and have been validated by clinical studies documented in
the scientific literature. The clinical trials may have been controlled, random-
ized, double-blind studies, trials without controls, cohort studies, or well-
documented observations of therapeutic applications.

The second category includes medicinal uses that are well established in
many countries and are included in official pharmacopoeias or national mono-
graphs. Well-established uses having a plausible pharmacological basis and sup-
ported by older studies that clearly need to be repeated are also included. The
references cited provide additional information useful in evaluating specific
herbal preparations. The uses described should be reviewed by local experts
and health workers for their applicability in the local situation.

The third category refers to indications described in unofficial pharma-
copoeias and other literature, and to traditional uses. The appropriateness of
these uses could not be assessed, owing to a lack of scientific data to support
the claims. The possible uses of these remedies must be carefully considered
in the light of therapeutic alternatives.

The Experimental pharmacology section includes only the results of investiga-
tions that prove or disprove the cited medicinal uses. Abbreviated details of the
best-performed studies have been included in this section. Other published
experimental data that are not associated with the medicinal uses have not been
included to avoid confusion.

The details included in the section on References have been checked against
the original sources wherever possible. However, in some cases, details are
missing as the original sources were not available. For non-English language ref-
erences, the title is given in the original language, except in cases where an
English summary is available.



Radix Althaeae

Definition

Radix Althaeae consists of the dried roots of Althaea officinalis L. (Malvaceae)
(1-4).

Synonym
Malva officinalis L. (5).

Selected vernacular names

Altea, altee, althea, bardul khatmi, benefischi, bismalva-hibiscus, blanca
malva, bon visclo, bourdon de St Jacques, Eibisch, Eibischwurzel, erva molle,
guimauve, Heilwurz, hobbiza, Ibischwurz, khairi, khatmi, korzén prawé-
slazu, marshmallow, marshmallow root, malvaccioniu, malvavisco, marmo-
lone, molotta, Moorish mallow, orvosiziliz gyokér, racine d’althée, racine de
guimauve, Sammetpappel, sauvage, Schleimwurzel, suzmool, sweet weed,
white mallow, wymote (3, 6-8).

Geographical distribution

Indigenous to western Asia and Europe, and is naturalized in the United States
of America (9, 10). Roots are obtained from commercially cultivated plants that
are at least 2 years old and harvested in the autumn (6, 10).

Description

A perennial herb with erect, woody stems, 60-120cm high. Leaves alternate,
ovate to slightly cordate, serrate, velvety, large, occasionally 3-lobed. Flowers
pale pink, axillary, the calyx of each surrounded by a 6-9 cleft involucre. Fruit
a set of cocci united into a ring (11).

Plant material of interest: dried roots
General appearance

Cylindrical or tapering, slightly twisted roots, up to 2cm thick, with deep
longitudinal furrows. Outer surface greyish-brown, bearing numerous rootlet
scars. Fracture externally fibrous, internally rugged and granular; section shows
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a thick, whitish bark with brownish periderm, separated by a well-marked,
brownish cambium from the white xylem; stratified structure of the bark and
radiate structure of xylem become more distinct when moist. Peeled root
has greyish-white finely fibrous outer surface; cork and external cortical
parenchyma absent (2).

Organoleptic properties
Odour: faint, aromatic; taste: mucilaginous (7).

Microscopic characteristics

Phloem with numerous long, thin-walled, non-lignified fibres arranged in tan-
gential groups alternating with groups of sieve tissue, with a ground tissue of
thin-walled parenchyma; xylem containing reticulate or scalariform thickening
and bordered pits accompanied by lignified tracheids, a small amount of ligni-
fied parenchyma and occasional small groups of fibres with only the middle
lamella lignified; xylem and phloem transversed by numerous non-lignified
medullary rays, mostly uniseriate; majority of parenchyma cells of the phloem
and medullary rays contain abundant small starch grains which are mostly
simple, spherical to ovoid, occasionally 2-3 compound, with a well-marked
circular or slit-shaped hilum; some of these parenchyma cells contain cluster
crystals of calcium oxalate 20-40um in diameter, while others exist as
idioblasts containing mucilage (7).

Powdered plant material

Brownish-grey (unpeeled root) or whitish (peeled root). Fragments of colour-
less, mainly unlignified, thick-walled fibres with pointed or split ends; frag-
ments of reticulate or scalariform thickening and bordered pits; cluster crystals
of calcium oxalate about 20-35 um, mostly 25-30 um, in diameter; parenchyma
cells containing mucilage; fragments of cork with thin-walled, tabular cells in
the powdered material from the unpeeled root. Numerous starch grains, 3—
25um in diameter, with occasionally a longitudinal hilum; starch grains mostly
simple, a few being 24 compound (2).

General identity tests

Macroscopic and microscopic examinations (7, 2).

Purity tests
Microbiology

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (12).
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Foreign organic matter

Not more than 2% of brown, deteriorated drug and not more than 2% of cork
in the peeled root (2).

Total ash

Not more than 6% in the peeled root and not more than 8% in the unpeeled
root (2).

Acid-insoluble ash
Not more than 3% in the peeled root (7).

Water-soluble extractive
Not less than 22% (7).

Loss on drying
Not more than 12% (2).

Swelling index
Not less than 10 (2).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05 mg/kg (2). For other pesticides, see the European pharmacopoeia (2), and the
WHO guidelines on quality control methods for medicinal plants (712) and
pesticide residues (13).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (12).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (72) for the analysis of radioactive isotopes.

Other purity tests

Chemical, sulfated ash and alcohol-soluble extractive tests to be established in
accordance with national requirements.

Chemical assays

Not less than 10% total mucilage in the peeled root as determined by gravi-
metric analysis (74).
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Major chemical constituents

The mucilage content ranges from 10 to 20% and consists of a mixture of acidic
galacturonorhamnans, neutral glucans and neutral arabinogalactans (6, 8, 9,

15-17).

Medicinal uses
Uses supported by clinical data

None.

Uses described in pharmacopoeias and in traditional systems

of medicine

As a demulcent for symptomatic treatment of dry irritable coughs and irrita-
tions of oral and pharyngeal mucosa and as an emollient for wounds and dry

skin (8, 18-23). Also used in cough mixtures to mask the bitter or pungent taste
of other drugs (16).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of asthma, cystitis, dysentery and irritations of the gastric mucosa

(7).

Pharmacology
Experimental pharmacology

The demulcent effects of Radix Althaeae are due to its high content of poly-
saccharide hydrocolloids, which form a protective coating on the oral and
pharyngeal mucosa, soothing local irritation and inflammation (24).

Anti-inflammatory activity

A polysaccharide fraction (500pg/ml) isolated from a root extract had anti-
complement activity in human serum in vitro (25). Aqueous extracts of
the roots stimulated phagocytosis, and the release of oxygen radicals and
leukotrienes from human neutrophils in vitro (26). The aqueous extract also
induced the release of cytokines, interleukin-6 and tumour necrosis factor
from human monocytes in vitro, thereby exhibiting anti-inflammatory and
immunostimulant activity (26). Intraperitoneal administration of isolated
mucilage polysaccharides to mice (10mg/kg body weight) induced a 2.2-fold
increase in the phagocytic activity of macrophages as measured by the colloidal
carbon clearance test (27). However, intragastric administration of an 80%
ethanol extract of the roots to rats (100 mg/kg body weight) did not inhibit
carrageenan-induced footpad oedema (28).
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Weak inhibition (17 %) of mucociliary transport in isolated, ciliated epithe-
lium of the frog oesophagus was demonstrated after treatment of the isolated
tissues with 200 ul of an aqueous root macerate (6.4 g/140ml) (29).

Antitussive activity

Intragastric administration of a polysaccharide fraction, isolated from an
aqueous root extract, to cats (50 mg/kg body weight) suppressed the intensity
and the frequency of coughs induced by mechanical irritation of laryngo-
pharyngeal and tracheobronchial mucosa (30). The antitussive activity of this
polysaccharide fraction (50mg/kg body weight) was as effective as Syrupus
Althaeae (1.0g/kg body weight), and more effective than prenoxdiazine
(30mg/kg body weight) (30).

Clinical pharmacology

None.

Contraindications
No information available.

Warnings
No information available.

Precautions
Drug interactions

Simultaneous administration of Radix Althaeae may delay the absorption of
other drugs ().

Other precautions

No information available on general precautions or precautions concerning drug
and laboratory test interactions; carcinogenesis, mutagenesis, impairment of
fertility; teratogenic and non-teratogenic effects in pregnancy; nursing mothers;
or paediatric use. Therefore, Radix Althaeae should not be administered during
pregnancy or lactation or to children without medical supervision.

Adverse reactions

No information available.
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Dosage forms

Peeled or unpeeled, broken, chopped or powdered crude drug (7, 2) and galen-
ical preparations thereof. Store in a well-closed container, protected from light

Q).

Posology

(Unless otherwise indicated)

For dry cough, oral or pharyngeal irritation: 0.5-3.0g of crude drug as an
aqueous, cold macerate (14, 19, 20, 31) or 2-8ml of syrup (20, 22, 32), which
may be repeated up to a daily dose of 15g of crude drug. For gastric irritation:
3-5g of crude drug as an aqueous, cold macerate up to three times daily (79,
20, 31).
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Herba Andrographidis

Definition

Herba Andrographidis consists of the dried aerial parts of Andrographis panicu-
lata (Burm. £.) Nees (Acanthaceae) (1-3).

Synonyms
Justicia latebrosa Russ., J. paniculata Burm. £., J. stricta Lam. ex Steud. (3, 4).

Selected vernacular names

Akar cerita bidara, alui, Andrographidis Kraut, bidara, bhoonimba, bhuinimo,
bhulimb, bhuninba, charayeta, charayetha, charita, cheranta, cherota, chiraita,
chiretta, chuan-hsin-lien, chuan-xin-lidn, céng céng, faathalaaichon, fathalaai,
fathalaichon, fathalaijone, halviva, herba sambiloto, hinbinkohomba, I-chien-
hsi, kalafath, kalmegh, kan-jang, kariyat, khee-pang-hee, king of bitters,
kiriathu, kirta, kiryata, kiryato, lanhelian, mahatikta, mahatita, naelavemu, nay-
nahudandi, nelavemu, quasab-uz-zarirah, rice bitters, sambilata, sambiloto,
senshinren, sinta, xuyén tam lién, yaa kannguu yijianxi (1, 2, 5-11).

Geographical distribution

Widely found and cultivated in tropical and subtropical Asia, south-east Asia
and India (6, 8, 10).

Description

A herbaceous annual, erect, up to 1m high; stem acutely quadrangular, much
branched. Leaves simple, opposite, lanceolate, glabrous, 2-12 cm long, 1-3cm
wide; apex acute; margin entire, slightly undulate, upper leaves often bracti-
form; petiole short. Inflorescence patent, terminal and axillary in panicle, 10—
30mm long; bract small; pedicel short. Calyx 5-particle, small, linear. Corolla
tube narrow, about 6mm long; limb longer than the tube, bilabiate; upper lip
oblong, white with a yellowish top; lower lip broadly cuneate, 3-lobed, white
with violet markings. Stamens 2, inserted in the throat and far exserted; anther
basally bearded. Superior ovary, 2-celled; style far exserted. Capsule erect,
linear-oblong, 1-2cm long and 2-5mm wide, compressed, longitudinally fur-
rowed on broad faces, acute at both ends, thinly glandular-hairy. Seeds small,
subquadrate (1-3, 5, 10).
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Herba Andrographidis

Plant material of interest: dried aerial parts
General appearance

Mixture of broken, crisp, mainly dark green lanceolate leaves and quadrangu-
lar stems; capsule fruit and small flowers occasionally found (7, 3). Stem texture
fragile, easily broken; leaves simple, petiole short or nearly sessile, lanceolate
or ovate-lanceolate, with acuminate apex and cuneate-decurrent base, lamina
crumpled and easily broken (2).

Organoleptic properties
Odour: slight, characteristic; taste: intensely bitter (1-3, 9).

Microscopic characteristics

Leaf upper epidermis: stomata absent, glandular trichomes present, unicellular
and multicellular trichomes rare, cystoliths fairly large; lithocysts large (27—
30um thick, 96-210um long and up to 49 um wide); columnar palisade cells;
collenchyma in midrib beneath epidermis; parenchyma cells spongy; vascular
bundles of lignified xylem in the upper part and lignified phloem in the lower
part; spiral, scalariform and reticulate vessels. Leaf lower epidermis: a layer of
wavy-walled cells; stomata diacytic; trichomes up to 36 um in diameter and 180
um long, and cystoliths present. Stem: epidermis has glandular and non-glan-
dular trichomes. Collenchyma dense at the corners of stems; parenchyma con-
tains chloroplastids. Endodermis composed of a layer of thick-walled cells.
Wood with spiral, scalariform and pitted xylem vessels; pith composed of large
parenchyma cells. Small acicular crystals of calcium oxalate occur in the pith
and cortical cells of stem and leaf (1-3, 8).

Powdered plant material

Leaf fragments in surface view show upper epidermis with underlying palisade
and cystoliths, lower epidermis with underlying palisade cells with stomata,
cystoliths and glandular trichomes. Leaf fragments in sectional view show
upper epidermis with palisade cells, spongy parenchyma cells, vascular bundles;
and lower epidermis with bundles of xylem associated with fibres; fragments
of spiral, scalariform, reticulate and pitted vessels; fragments of epidermal cells
from midrib; fragments of parenchyma cells in transverse and longitudinal
sections. Bundles of fibres. Fragments of epidermal cells from stem with
stomata, cystoliths and glandular trichomes. Scattered cystoliths; scattered uni-
cellular and multicellular trichomes, mostly from epidermal cells in fruit walls;
scattered glandular trichomes from bundles of fibres in fruit wall; scattered
pollen grains (7).

General identity tests

Macroscopic and microscopic examinations, chemical tests, and thin-layer
chromatography for the presence of diterpene lactones (1-3).
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Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (12).

Chemical

Not less than 6% of total diterpene lactones, calculated as andrographolide
(1, 3).

Foreign organic matter
Not more than 2% (1, 3).

Acid-insoluble ash
Not more than 2% (1, 3).

Water-soluble extractive
Not less than 18% (7, 3).

Alcohol-soluble extractive
Not less than 13% using 85% ethanol (1, 3).

Loss on drying
Not more than 10% (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (13). For other pesticides, see the European pharmacopoeia (13), and
the WHO guidelines on quality control methods for medicinal plants (72) and
pesticide residues (74).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (12).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (72) for the analysis of radioactive isotopes.

Other purity tests

Total ash test to be established in accordance with national requirements.
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Chemical assays

Chemical and thin-layer chromatography methods are used for qualita-
tive analysis of andrographolide diterpene lactones (7, 2). Titrimetric (/) and
high-performance liquid chromatography (75) methods are available for quan-
titative analysis of total diterpene lactones.

Major chemical constituents

The major constituents are diterpene lactones (free and in glycosidic forms)
including andrographolide, deoxyandrographolide, 11,12-didehydro-14-deoxy-
andrographolide, neoandrographolide, andrographiside, deoxyandrographiside
and andropanoside (7, 3, 6, 7, 9, 16). The structures of andrographolide and
related diterpene lactones are presented below.

o} HO.

HsC i H HO
5 Chy OH

B-D-glucopyranosyl
H

A H
(IJ— CHa
Glc
andrographolide R = H neoandrographolide R = H
andrographiside R = Glc andropanoside R = OH

Medicinal uses
Uses supported by clinical data

Prophylaxis and symptomatic treatment of upper respiratory infections, such
as the common cold and uncomplicated sinusitis (17-19), bronchitis (6, 9) and
pharyngotonsillitis (20), lower urinary tract infections (27) and acute diarrhoea
(22, 23).

Uses described in pharmacopoeias and in traditional systems
of medicine
Treatment of bacillary dysentery, bronchitis, carbuncles, colitis, coughs,

dyspepsia, fevers, hepatitis, malaria, mouth ulcers, sores, tuberculosis and
venomous snake bites (1, 2, 6, 7, 10, 16, 24-27).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of colic, otitis media, vaginitis, pelvic inflammatory disease, chicken-
pox, eczema and burns (6, 7).
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Pharmacology
Experimental pharmacology
Antibacterial activity

An ethanol extract of the leaves inhibited the growth in vitro of Escherichia coli
and Staphylococcus aureus (28). A 50% methanol extract of the leaves inhibited
growth in vitro of Proteus vulgaris (29). However, no in vitro antibacterial activ-
ity was observed when dried powder from the aerial parts was tested against
E. coli, Staphylococcus aureus, Salmonella typhi or Shigella species (30).

Anti-human immunodeficiency virus (HIV) activity

Aqueous extracts of the leaves inhibited HIV-1 infection and replication in the
lymphoid cell line MOLT-4 (37). A hot aqueous extract of the aerial parts
reduced the percentage of HIV antigen-positive H9 cells (32). Dehydroandro-
grapholide inhibited HIV-1 and HIV-1 (UCD123) infection of H9 cells at
1.6pg/ml and 50ug/ml, respectively, and also inhibited HIV-1 infection of
human lymphocytes at 50pg/ml (33). A methanol extract of the leaves sup-
pressed syncytia formation in co-cultures of uninfected and HIV-1-infected
MOLT cells (median effective dose [EDsg] 70 ug/ml) (34).

Immunostimulatory activity

Intragastric administration of an ethanol extract of the aerial parts (25 mg/kg
body weight) or purified andrographolides (1 mg/kg body weight) to mice stimu-
lated antibody production and the delayed-type hypersensitivity response to
sheep red blood cells (35). The extract also stimulated a non-specific immune
response in mice, measured by macrophage migration index, phagocytosis of
[“C]leucine-labelled E. coli, and proliferation of splenic lymphocytes (35). The
extract was more effective than either andrographolide or neoandrographolide
alone, suggesting that other constituents may be involved in the immuno-
stimulant response (35).

Antipyretic activity

Intragastric administration of an ethanol extract of the aerial parts (500 mg/kg
body weight) to rats decreased yeast-induced pyrexia (36). The extract was
reported to be as effective as 200mg/kg body weight of aspirin, and no
toxicity was observed at doses up to 600 mg/kg body weight (36). Intragastric
administration of andrographolide (100 mg/kg body weight) to mice decreased
brewer’s yeast-induced pyrexia (37). Intragastric administration of deoxy-
andrographolide, andrographolide, neoandrographolide or 11,12-didehydro-
14-deoxyandrographolide (100mg/kg body weight) to mice, rats or rabbits
reduced pyrexia induced by 2,4-dinitrophenol or endotoxins (6, 38).

Antidiarrhoeal activity

Herba Andrographidis has antidiarrhoeal activity in situ (39, 40). An ethanol,
chloroform or 1-butanol extract of the aerial parts (300mg/ml) inhibited the
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E. coli enterotoxin-induced secretory response—which causes a diarrhoeal syn-
drome—in the rabbit and guinea-pig ileal loop assay (39, 40). However, an
aqueous extract of the aerial parts was not active (40). The constituent diter-
pene lactones, andrographolide and neoandrographolide, exhibited potent
antisecretory activity in vivo against E. coli enterotoxin-induced diarrhoea (40).
Andrographolide (1mg per loop) was as active as loperamide when tested
against heat-labile E. coli enterotoxin-induced diarrhoea and more effective than
loperamide when tested against heat-stable E. coli enterotoxin-induced diar-
rhoea (40). Neoandrographolide (1 mg per loop) was as effective as loperamide
when tested against heat-labile E. coli enterotoxin-induced diarrthoea and
slightly less active than loperamide when tested against heat-stable E. coli
enterotoxin-induced diarrhoea (40). The mechanism of action involves inhibi-
tion of the intestinal secretory response induced by heat-labile E. coli entero-
toxins, which are known to act through the stimulation of adenylate cyclase,
and by inhibition of the secretion induced by heat-stable E. coli enterotoxins,
which act through the activation of guanylate cyclase (39). Incubation of
murine macrophages with andrographolide (1-50umol/l) inhibited bacterial
endotoxin-induced nitrite accumulation in a concentration- and time-
dependent manner. Western blot analysis demonstrated that andrographolide
inhibited the expression of an inducible isoform of nitric oxide synthase linked
to endotoxin-induced circulatory shock (47).

Anti-inflammatory activity

Intragastric administration of deoxyandrographolide, andrographolide, neo-
andrographolide or 11,12-didehydrodeoxyandrographolide to mice inhibited
the increase in cutaneous or peritoneal capillary permeability induced by xylene
or acetic acid, and reduced acute exudation in Selye granulocysts treated with
croton oil. 11,12-Didehydrodeoxyandrographolide had the most potent anti-
inflammatory activity in vivo (6).

Antimalarial activity

A 50% ethanol extract of the aerial parts inhibited the growth of Plasmodium
berghei both in vitro (100 mg/ml) and in mice after intragastric administration
(1g/kg body weight) (42). Intragastric administration of a 1-butanol, chloroform
or ethanol-water extract of the aerial parts to Mastomys natalensis inhibited the
growth of P. berghei at doses of 1-2g/kg body weight (43). Andrographolide
(5 mg/kg body weight) and neoandrographolide (2.5 mg/kg body weight) were
also effective when administered by gastric lavage (43).

Antivenom activity

Intraperitoneal injection of an ethanol extract of the aerial parts (25 g/kg body
weight) to mice poisoned with cobra venom markedly delayed the occurrence
of respiratory failure and death (¢, 44). The same extract induced contractions
in guinea-pig ileum at concentrations of 2mg/ml. The contractions were
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enhanced by physostigmine and blocked by atropine, but were unchanged by
antihistamines (44). These data suggest that extracts of the aerial parts do not
modify the activity of the nicotinic receptors but produce significant muscarinic
activity, which accounts for its antivenom effects (6, 44).

Antihepatotoxic activity

The aerial parts and their constituent andrographolides have antihepatotoxic
activity in vitro and in vivo (45-54). Intraperitoneal administration of a meth-
anol extract of the aerial parts (861.3 mg/kg body weight) to mice reduced hepa-
totoxicity induced by carbon tetrachloride (CClL), and reversed CCly-induced
histopathological changes in the liver (52). Intraperitoneal administration of
andrographolide (100mg/kg body weight) to mice inhibited the CCl-induced
increase in the activity of serum glutamate oxaloacetate transaminase, serum
glutamate pyruvate transaminase, alkaline phosphatase, bilirubin and hepatic
triglycerides (52). Intraperitoneal administration of a methanol extract of the
aerial parts (500 mg/kg body weight) to rats also suppressed the CCl-induced
increase in the activity of serum glutamate oxaloacetate transaminase, serum
glutamate pyruvate transaminase, alkaline phosphatase and bilirubin (57). Intra-
gastric administration of an aqueous extract of the aerial parts (500 mg/kg body
weight) to ethanol-treated rats decreased the activity of serum transaminases
and suppressed histopathological changes in the liver (49). Andrographolide,
the major antihepatotoxic component of the plant, exerted a pronounced
protective effect in rats against hepatotoxicity induced by CCly (47), D-
galactosamine (54), paracetamol (48) and ethanol (49). Andrographolide was
more effective than silymarin, the standard hepatoprotective agent (47, 48).

Clinical pharmacology
The common cold

Herba Andrographidis has been used clinically for symptomatic treatment of
the common cold and uncomplicated sinusitis, pharyngotonsillitis, pneumonia
and bronchitis (6, 17, 18, 20). A placebo-controlled, double-blind clinical trial
assessed the efficacy of a standardized extract of the aerial parts (containing
4% andrographolides) for treatment of the common cold in 61 adult patients.
A significant reduction (P < 0.0001) in clinical symptoms such as sore throat,
tiredness, muscular ache and malaise was observed on day 4 in the group
receiving 1200mg extract daily, as compared with the placebo group. No
adverse reactions were reported in either group (17).

A randomized, placebo-controlled, double-blind pilot trial was conducted
to evaluate the efficacy of a standardized extract of the aerial parts (containing
4% andrographolides) on the initial symptoms of the common cold and un-
complicated sinusitis. Fifty adult patients received either 1020 mg extract or a
placebo daily for 5 days. The results demonstrated that patients in the treated
group took less sick leave than those in the placebo group (0.21 day compared
to 0.96 day). Furthermore, 68% of treated patients felt totally recovered, as
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compared with 36% of the placebo group. Also 55% of the treated patients
thought that the course of illness was much easier than normal, as compared
with 19% of the placebo group (18).

A randomized, placebo-controlled, double-blind study evaluated a stan-
dardized extract of the aerial parts (containing 4% andrographolides) in the pro-
phylaxis of the common cold in 107 schoolchildren during the winter season.
The children received either 200 mg extract or a placebo daily for 3 months and
were evaluated weekly by a physician. There was no difference in the occur-
rence of colds between the two groups during the first 2 months of treatment.
However, after the third month of treatment, there was a significant difference
(P < 0.05) in the occurrence of the common cold in the treated group (30%) as
compared with the placebo group (62%) (19).

A randomized, double-blind comparison study of 152 adult patients with
pharyngotonsillitis evaluated the efficacy of powdered aerial parts (6g daily)
and paracetamol (1 capsule of 325 mg as needed) for improving symptomatol-
ogy. Baseline evaluation showed no significant difference between the two
groups. The crude drug was as effective as paracetamol in reducing the inci-
dence of sore throat and fever after 3 days of treatment (20). In a study without
controls, treatment of patients with a standardized extract of A. paniculata (con-
taining 4% andrographolides) reduced the incidence of fever associated with
the common cold. The body temperature of patients treated with the extract
was lowered in less than 48 hours after treatment (55). This finding was con-
firmed in a later study (77).

Urinary infections

A clinical trial compared the efficacy of Herba Andrographidis, co-trimoxazole
(sulfamethoxazole + trimethoprim) and norfloxacin in the prevention of urinary
tract infections after extracorporeal shock wave lithotripsy. Patients received a
5-day course of either Herba Andrographidis (4 tablets of 250 mg, three times
daily) or co-trimoxazole (2 tablets of 25 mg, twice daily) or norfloxacin (1 tablet
of 200mg, twice daily). After 1 month of treatment, urinalysis results of 100
patients demonstrated that pyuria, haematuria and proteinuria were reduced
in all treatment groups, and there was no significant difference between the
three treatments (21).

Dysentery

The aerial parts have been used for the treatment of acute bacillary dysentery
and enteritis (2, 6, 22, 23). In clinical studies, the combination of andro-
grapholide and neoandrographolide was reported to be more effective than
either furazolidine or chloramphenicol in the treatment of bacillary dysentery
(6). A randomized, double-blind clinical study of 200 patients compared the
efficacy of the powdered aerial parts with tetracycline in the treatment of acute
diarrhoea and bacillary dysentery (22, 23). Patients received capsules of either
the aerial parts or tetracycline (both 500 mg, four times daily) for 3 days. Com-
pared with tetracycline, the aerial parts decreased the diarrhoea (both the fre-
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quency and amount of discharge) (22). Furthermore, the aerial parts were more
effective in treating diarrhoea resulting from shigellosis than from cholera (22).

Infectious hepatitis

Administration of a decoction of the aerial parts to patients with infectious
hepatitis was reported to provide symptomatic relief (24).

Contraindications

Herba Andrographidis should not be used during pregnancy or lactation.
Herba Andrographidis is contraindicated in cases of known allergy to plants of
the Acanthaceae family.

Warnings

Due to potential anaphylactic reactions, crude extracts of Herba Andrographidis

should not be injected (6, 56).

Precautions
Drug interactions
Extracts of Herba Andrographidis may have a synergistic effect with isoniazid

©6)-

Carcinogenesis, mutagenesis, impairment of fertility

Herba Andrographidis extracts are not mutagenic in vitro (57) and have anti-
mutagenic activity (58). A standardized extract of A. paniculata did not produce
reproductive toxicity in male rats after 60 days of intragastric administration of
20-1000mg/kg body weight daily (59).

Pregnancy: teratogenic effects

See Contraindications.

Pregnancy: non-teratogenic effects

In vivo studies in mice and rabbits suggest that Herba Andrographidis may have
abortifacient activity (6, 60). Conversely, no interruption of pregnancy, fetal
resorption or decrease in the number of live offspring was observed in preg-
nant rats after intragastric administration of an extract of the aerial parts at
2g/kg body weight during the first 9 days of gestation (67). Since potential
antagonism exists between Herba Andrographidis and endogenous proges-
terone, Herba Andrographidis should not be used during pregnancy (2, 61).

Nursing mothers
See Contraindications.
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Other precautions

No information available on general precautions or precautions concerning
drug and laboratory test interactions; or paediatric use. Therefore, Herba
Andrographidis should not be administered to children without medical
supervision.

Adverse reactions

Large oral doses of Herba Andrographidis may cause gastric discomfort, vom-
iting and loss of appetite (6). These side-effects appear to be due to the bitter
taste of andrographolide (6). Anaphylactic reactions may occur if the crude drug
extract is injected (6, 56). Two cases of urticaria have been reported (18).

Dosage forms

Crude drug, capsules, tablets and pills (7, 2, 6). Store in a well-closed container,
protected from light and moisture.

Posology

(Unless otherwise indicated)

For pyrexia: a decoction from 3 g crude drug, twice daily (7, 5). For the common
cold: 1.5-3.0g powdered crude drug three times daily, after meals and at
bedtime (7). For diarrhoea: a decoction from 3-9g crude drug as a single dose
as needed (7, 5), or two tablets of 500mg four times daily, after meals and at
bedtime (5).
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Radix Angelicae Sinensis

Definition

Radix Angelicae Sinensis consists of the dried roots of Angelica sinensis (Oliv.)
Diels (Apiaceae) ().

Synonyms
Although Angelica sinensis has also been referred to as Angelica polymorpha
Maxim. var. sinensis (the latter being a synonym for A. polymorpha Maxim. (2)),

their synonymy has not yet been firmly established (J.C. Regalado, personal
communication, 1999). Apiaceae are also known as Umbelliferae.

Selected vernacular names

Can qui, Chinese Angelica, dangdanggui, dang gui, dong quai, duong qui
handanggui, hashyshat almalak, kara toki, langdu danggui, min-gui, tang-kuei,
tangkuei tan qui (1, 3-6).

Geographical distribution
Indigenous to China (3, 4).

Description

A fragrant, perennial herb, 0.5-1.0m high. Stem glabrous and purplish, with
light, linear striations. Inferior leaves tripinnate; superior leaves often pinnate;
segments oval, dentate-incised, teeth obtuse. Petiole 3-11cm long, sheathed;
bracts rudimentary, not prominent. Umbels 10-14, radiate on top of the plant,
rays irregular, interior margin uneven; bracteoles, narrow-linear 2—4; pedicels
slender; carpophore bipartite; each umbel multiflorous (12-36 flowers); umbel
stem 0.3-1.5cm long. Flowers white, 5 petals, glabrous, incurvate at the tips.
Carpels dorsally compressed, square-elliptical, the base cordiform, the tip
rounded or lightly notched; dorsal veins 5, closely placed, projecting; central
vein barely winged, marginal veins with very large wings; ducts oleaginous, 1
in each sinus, 2 in the commissure (4).
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Plant material of interest: dried roots
General appearance

Somewhat cylindrical, 3-5 or more branches at the lower part, 15-25 cm long.
Externally yellowish-brown to brown, longitudinally wrinkled and transversely
lenticellate. Root stocks 1.5-4 cm in diameter, annulated, apex obtuse, showing
purple or yellowish-green remains of stems and leaf sheaths; main roots lumpy
on the surface, branching roots 0.3—-1.0 cm in diameter, upper portion thick and
lower portion thin, mostly twisted, with a few rootlet scars. Texture flexible,
fracture yellowish-white or yellowish-brown, thick epidermis, showing some
clefts and numerous brown spotted secretory cavities; wood paler in colour
than the bark, cambium ring yellowish-brown (7).

Organoleptic properties
Odour: strongly aromatic; taste: sweet, pungent, slightly bitter (7).

Microscopic characteristics

Cork cells in several layers. Cortex narrow, with a few scattered oil cavities.
Phloem cleft, broad (25-160um in diameter), relatively large on outer side,
gradually becoming smaller, surrounded by 6-9 secretory cells, oil cavities and
oil tubes. Cambium in a ring. Xylem rays, 3-5 cells wide; vessels scattered
singly or in groups of 2-3, arranged radially; parenchymatous cells contain
starch grains ().

Powdered plant matetial

Yellowish-brown; parenchymatous cells in phloem are fusiform, with slightly
thickened walls, very oblique criss-cross striations, thin transverse septa
sometimes visible; scalariform and reticulate vessels frequent, up to 80pm in
diameter; fragments of oil cavities sometimes visible (7).

General identity tests

Macroscopic and microscopic examinations ().

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (7).

Foreign organic matter
Free of foreign matter (7).
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Total ash
Not more than 7.0% (1).

Acid-insoluble ash
Not more than 2.0% (7).

Alcohol-soluble extractive
Not less than 45% using 70% ethanol (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (8). For other pesticides, see the European pharmacopoeia (8), and
the WHO guidelines on quality control methods for medicinal plants (7) and
pesticide residues (9).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (7).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (7) for the analysis of radioactive isotopes.

Other purity tests

Chemical, water-soluble extractive and loss on drying tests to be established in
accordance with national requirements.

Chemical assays

Methods for both qualitative and quantitative determination of the alkyl
phthalide components by high-performance liquid chromatography have been
developed (10, 11). National requirements for quantitative criteria should be
established with respect to the concentration ranges reported for the essential

oil (0.4-0.7%) (4) and ligustilide (0.5-5.0%) (10).

Major chemical constituents

The characteristic components are the simple alkyl phthalides (ligustilide, (2)-
ligustilide, (Z)-6,7-epoxyligustilide, angelicide, (2)-butylidenephthalide, butyl-
phthalide, 2,4-dihydrophthalic anhydride), which are the major components of
the essential oil fraction of the roots. Other characteristic components of the
oil have been identified as terpenes (B-cadinene, carvacrol and cis-B-ocimene).
The non-volatile constituents reported are phenylpropanoids ((E)-ferulic acid,
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coniferyl ferulate); benzenoids (valerophenone-o-carboxylic acid and vanillic
acid); and coumarins (angelol G, angelicone and umbelliferone) (3, 4, 10, 11). It
has been shown by high-performance liquid chromatography that the major
chemical constituent of the roots is ligustilide, which can account for over 5%
(10). Polysaccharide fractions of low relative molecular mass have also been
reported (12, 13). The structures of the characteristic constituents are presented

below.
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Medicinal uses
Uses supported by clinical data

None. Although Radix Angelicae Sinensis has been alleged to be useful for the
treatment of menopausal symptoms, a randomized, placebo-controlled clinical
trial concluded that 4.5g of the root daily for 24 weeks did not alleviate
menopausal symptoms, such as hot flushes (74).

Uses described in pharmacopoeias and in traditional systems

of medicine

Treatment of menstrual disorders such as irregular menstruation, amenorrhoea
and dysmenorrhoea (7, 3, 15—19). As an analgesic for symptomatic treatment
of rheumatic arthralgia, abdominal pain and in the management of post-
operative pain (7, 20). Treatment of constipation (1), anaemia (7, 20), chronic
hepatitis and cirrhosis of the liver (20).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of dehydration, lumbago, abnormal menstruation, menopausal
symptoms (including hot flushes), hypertonia and nervous disorders (18, 21).

Pharmacology
Experimental pharmacology
Smooth muscle contraction

Hot aqueous extracts of Radix Angelicae Sinensis stimulated smooth muscle
contractions of the bladder, intestine and uterus when administered intra-
venously to dogs (10g/kg body weight) (22). Intravenous administration of an
aqueous or 95% ethanol extract of the roots to cats, rats and rabbits increased
the strength of the contractions and tone of uterine smooth muscles (4). In vitro
assays demonstrated that a decoction of the roots stimulated the H; receptor
of mouse uterus (23). The active constituent responsible for this activity is an
aqueous- and alcohol-soluble, non-volatile component, the structure of which
is unknown (4). Conversely, ligustilide, a constituent of the essential oil of
the roots, inhibited contractions of isolated uteri from various animal models
(20, 24). Intraperitoneal administration of ligustilide (0.14ml/kg body weight)
to guinea-pigs inhibited asthmatic reactions induced by acetylcholine and his-
tamine (25). Ligustilide (32.5-130.0 ul/ml) inhibited smooth muscle contractions
induced by barium sulfate, acetylcholine and histamine in isolated guinea-pig
trachea (25).

Antihepatotoxic activity

Intraperitoneal administration of a decoction of the roots (11ml/kg body
weight) ameliorated galactosamine-induced hepatotoxicity in rats (26). Ferulic
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acid, a constituent of the roots, protected rat liver mitochondria against damage
induced by oxygen free radicals (27). Intragastric pretreatment of mice with so-
dium ferulate (100 mg/kg body weight) daily for 10 days alleviated liver toxi-
city induced by paracetamol (28) and prednisolone (29), and bromobenzene-
induced liver injury (30).

Cardiovascular activity

Cardiac haemodynamic studies demonstrated that intravenous administra-
tion of an aqueous root extract (2g/kg body weight) to anaesthetized dogs
increased coronary blood flow from 88ml before administration to 128 ml (per
100g cardiac muscle/minute post-injection). Coronary vascular resistance and
myocardial oxygen consumption also decreased, while the heart rate decreased
or remained unchanged (37). An extract of the roots increased coronary blood
flow in isolated guinea-pig hearts (32).

In animal models, both aqueous and ethanol extracts of the roots had an effect
on arthythmias induced by epinephrine, barium chloride and digitalis (32, 33).
Intravenous administration of an ethanol extract of the roots (4 g/kg body weight)
antagonized chloroform- and epinephrine-induced arrhythmias in cats (34).
Ethanol extracts of the roots and ferulic acid restored normal sinus rhythm after
ouabain-induced arrhythmia in isolated ventricular muscle from cats (20).
Aqueous extracts of the roots reduced the action potential amplitude and
maximal upstroke velocity of the Q phase, and prolonged the effective refractory
period and the duration of the action potential in guinea-pig myocardium (35).
Intravenous administration of an aqueous extract of the roots (50mg/kg body
weight) to rabbits with ligation of the left anterior descending coronary artery
provided protection against ischaemia- and reperfusion-induced myocardial dys-
function and injury (36). An aqueous extract of the roots bound to nitrendipine
and diltiazem receptors, thereby demonstrating calcium channel blocking activ-
ity (37). A ligustilide dimer, isolated from the roots, inhibited [*H]nitrendipine
binding to dihydropyridine-sensitive calcium channels (inhibitory concentration
of 50% [ICs] 0.4 umol/l) (38). Since calcium channel blockers are known to have
pronounced effects on the cardiovascular system, this activity may explain some
of the reported effects of root extracts on the cardiovascular system.

Antithrombotic activity

In vitro and in vivo studies have shown that extracts of the roots inhibit platelet
aggregation and have antithrombotic activity (20). Aqueous extracts of the roots
(200mg/ml) or ferulic acid (0.4mg/ml) inhibited platelet aggregation induced
by ADP or collagen in vitro (39). A hot aqueous extract of the roots (500 mg/ml)
or ferulic acid (1 mg/ml) inhibited thrombin-induced platelet aggregation and
release of [PH]5-hydroxytryptamine from labelled platelets in vitro (39). An
aqueous extract of the roots inhibited both ADP- and collagen-induced platelet
aggregation when administered intravenously to rats (200 mg/ml) (20, 39). The
mechanism of action appears to be via inhibition of cyclooxygenase and throm-
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boxane A, synthase by ferulic acid, leading to decreased production of throm-
boxane A; (40). The antithrombotic activity of the drug is associated with inhi-
bition of platelet aggregation, reduction in the concentration of plasma
fibrinogen, changes in cell surface charge and a decrease in blood viscosity (20).

Intraperitoneal administration of polysaccharides isolated from the roots
increased haematopoiesis in mouse bone marrow, as determined by an increase
in colony-forming units in the marrow cells (12, 41). The polysaccharides
promoted the proliferation and differentiation of haematopoietic progenitor
cells in healthy and anaemic mice (73). Results of this study indicated that the
polysaccharides may enhance haematopoiesis by stimulating macrophages,
fibroblasts and lymphocytes in haematopoietic and muscle tissue to secrete
haematopoietic growth factor (13).

Clinical pharmacology
Menstrual disorders

Although there are a number of case reports concerning the clinical use of
Radix Angelicae Sinensis in the treatment of amenorrhoea and dysmenorrhoea,
these studies were published between 1899 and 1910 (15-18). Randomized,
controlled clinical trials are needed to confirm these observations. In these
early case studies, female patients were treated with 5ml of a fluidextract of
the roots three times daily before meals for 1 week before menstruation. The
treatment relieved premenstrual pain and induced menstrual flow in most cases.
No abortifacient activity was observed in two pregnant women treated with
the same fluidextract (75). In other studies, the fluidextract was used for the
treatment of dysmenorrhoea in nulliparous women, and of severe bleeding in
multiparous women. Administration of 5ml of the fluidextract three times
daily for 1 week before menstruation was effective in decreasing menstrual pain
and chronic endometritis (16). Successful treatment of amenorrhoea and dys-
menorrhoea in female patients was further reported after administration of the
same fluidextract (5ml, three times daily) (77, 18). In another report, 112
women with dysmenorrhoea were treated for 3-7 days with ligustilide dimer
isolated from the roots. The efficacy rate was 77%. Minor side-effects were
nausea and dizziness, which disappeared after the treatment stopped (42).

Smooth muscle contraction

Decoctions of the roots reportedly stimulated uterine smooth muscle in female
patients, but the doses used and the conditions being treated were not stated
(19). A decoction of the roots lowered whole blood viscosity after administra-
tion to six patients (71).

Contraindications

Radix Angelicae Sinensis should not be administered to children or patients
with diarrthoea, haemorrhagic diseases or hypermenorrhoea, and should not be
used during pregnancy or lactation (4).
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Warnings
No information available.

Precautions
Drug interactions

Decreased prothrombin times were reported in rabbits that received both a
single subcutaneous dose of warfarin (2mg/kg body weight) and a repeated
oral dose of Radix Angelicae Sinensis (2g/kg body weight twice daily for
3 days) (43). Therefore, patients receiving anticoagulant therapy should be
advised against taking Radix Angelicae Sinensis without medical supervision.

Pregnancy: teratogenic effects
See Contraindications.

Pregnancy: non-teratogenic effects
See Contraindications.

Nursing mothers
See Contraindications.

Paediatric use

See Contraindications.

Other precautions

No information available on general precautions or precautions concerning
drug and laboratory test interactions; or carcinogenesis, mutagenesis and
impairment of fertility.

Adverse reactions

Oral administration of Radix Angelicae Sinensis is generally regarded as hav-
ing few side-effects; however, headaches may occur in sensitive individuals
(14, 19). No adverse reactions were reported in 40 people who received an
aqueous root extract by intravenous administration (240 ml/person) for 30 days

(19).

Dosage forms

Powdered crude drug and fluidextracts (4). Store in an airtight container in a
cool, dry place protected from moisture (7).
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Posology

(Unless otherwise indicated)
Daily dosage: 4.5-9¢g crude drug (7).

References

1.

A~

10.

11.
12.
13.

14.

15.

16.
17.
18.
19.
20.
21.
22.

Pharmacopoeia of the People’s Republic of China. Vol. I (English ed.). Beijing, Chemical
Industry Press, 1997.

. Hiroe M. Umbelliferae of Asia. Kyoto, Eikodo, 1958.
. Hsu HY. Oriental materia medica, a concise guide. Long Beach, CA, Oriental Healing

Arts Institute, 1986.

. Zhu DPQ. Dong quai. American Journal of Chinese Medicine, 1987, 15:117-125.
. Farnsworth NR, ed. NAPRALERT database. Chicago, University of Illinois at Chicago,

IL, January 1, 1998 production (an online database available directly through the
University of Illinois at Chicago or through the Scientific and Technical Network
[STN] of Chemical Abstracts Services).

. Medicinal plants in Viet Nam. Manila, World Health Organization, 1990 (WHO

Regional Publications, Western Pacific Series, No. 3).

. Quality control methods for medicinal plant materials. Geneva, World Health Organiza-

tion, 1998.

. European pharmacopoeia, 3rd ed. Strasbourg, Council of Europe, 1996.
. Guidelines for predicting dietary intake of pesticide residues, 2nd rev. ed. Geneva, World

Health Organization, 1997 (document WHO/FSF/FOS/97.7).

Lin LZ et al. Liquid chromatographic—electrospray mass spectrometric study of
the phthalides of Angelica sinensis and chemical changes of Z-ligustilide. Journal of
Chromatography A, 1998, 810:71-79.

Terasawa K et al. Chemical and clinical evaluation of crude drugs derived from
Angelica acutiloba and A. sinensis. Fitoterapia, 1985, 56:201-208.

Ma LF et al. The effect of Angelica sinensis polysaccharides on mouse bone marrow
hematopoiesis. Zhonghua Xinxueguanbing Zazhi, 1988, 9:148-149.

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

Hirata JD et al. Does dong quai have estrogenic effects in postmenopausal women¢
A double-blind, placebo-controlled trial. Fertility and Sterility, 1997, 68:981-986.
Mueller A. Versuche tiber die Wirkungsweise des Extrakts des chinesischen
Emmenagogon Tang-kui (Man-mu) oder Eumenol-Merek. Miinchener Medizinische
Wochenschrift, 1899, 46:796-798.

Langes H. Beobachtungen bei der Verwendung einiger neuer Medikamente.
Eumenol, Dionin und Stypticin. Therapeutische Monatshefte, 1901, 7:363.

Palm R. Erfahrungen mit Eumenol. Miinchener Medizinische Wochenschrift, 1910, 1:
23-25.

Buck P. Un nouveau remede spécifique contre la dysmenorrhée: 'eumenol. Belgigue
médicale, 1899, 2:363-365.

Chang HM, But PPH, eds. Pharmacology and applications of Chinese materia medica.
Vol. 1. Philadelphia, PA, World Scientific Publishing, 1986.

Mei QB, Tao JY, Cui B. Advances in the pharmacological studies of Radix Angelica
sinensis (Oliv.) Diels (Chinese danggui). Chinese Medical Journal, 1991, 104:776-781.
Duke JA, Ayensu ES. Medicinal plants of China. Vol. 1. Algonac, MI, Reference
Publications, 1985.

Schmidt CF et al. Experiments with Chinese drugs. 1. Tang-kuei. Chinese Medical
Journal, 1924, 38:362.

33



WHO monographs on selected medicinal plants

23.

24.
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.

39.
40.
41.
42.

43.

34

Shi M, Chang L, He G. Stimulating action of Carthamus tinctorius L., Angelica
sinensis (Oliv.) Diels and Leonurus sibiricus L. on the uterus. Chung Kuo Chung Yao Tsa
Chih, 1995, 20:173-175.

Pi XP. Effects of Angelica sinensis on uterus. National Medical Journal of China, 1955,
40:967.

Tao JY et al. Studies on the antiasthmatic action of ligustilide of dang-gui, Angelica
sinensis (Oliv.) Diels. Yao Hsueh Hsueh Pao, 1984, 198:561-565.

Xiong X et al. The protective effect of Radix Angelicae Sinensis against acute liver
damage by D-galactosamine in rats: a histochemical study. Wu-han I Hsueh Yuan
Hsueh Pao, 1982, 11:68-72.

Lin YH et al. Protective effect of sodium ferulate on damage of the rat liver mito-
chondria induced by oxygen free radicals. Yao Hsueh Hsueh Pao, 1994, 29:171-175.
Wang H, Peng RX. Sodium ferulate alleviated paracetamol-induced liver toxicity in
mice. Yao Hsueh Hsueh Pao, 1994, 15:81-83.

Wu DF et al. Sodium ferulate alleviates prednisolone-induced liver toxicity in mice.
Acta Pharmaceutica Sinica, 1988, 30:801-805.

Wu DE Peng RX. The effect of sodium ferulate on bromobenzene-induced liver
injury in mice. Zhongguo Yaoxue Zazhi, 1995, 30:597-599.

Chou YP. The effect of Angelica sinensis on hemodynamics and myocardiac oxygen
consumption in dogs. Acta Pharmaceutica Sinica, 1979, 14:156-160.

Pen RX. Pharmacological effects of danggui (Angelica sinensis) on cardiovascular
system. Chinese Traditional Herb Drugs, 1981, 12:321.

Cha L. Effects of Angelica sinensis on experimental arrthythmias. Chinese Pharmaceu-
tical Bulletin, 1981, 16:259.

Cha L, Chien CC, Lu FH. Antiarthythmic effect of Angelica sinensis root, tetrandrine
and Sophora flavescens root. Chinese Pharmaceutical Bulletin, 1981, 16:53-54.

Wei ZM et al. A study on the electrophysiology in antiarrthythmia effect of
Angelica sinensis. Journal of Beijing College of Traditional Chinese Medicine, 1985, 8:40.
Chen SG et al. Protective effects of Angelica sinensis on myocardial ischemia/
reperfusion injury in rabbits. Chung-kuo Chung His I Chieh Ho Tsa Chih, 1995,
15:486-488.

Hon PM. A ligustilide dimer from Angelica sinensis. Phytochemistry, 1990, 29:1189—
1191.

Han GQ. The screening of Chinese traditional drugs by biological assay and the iso-
lation of some active components. International Journal of Chinese Medicine, 1991,
16:1-17.

Yin ZZ. The effect of danggui (Angelica sinensis) and its ingredient ferulic acid on rat
platelet aggregation and release of 5-HT. Acta Pharmaceutica Sinica, 1980, 15:321.
Xu LN. Effect of sodium ferulate on arachidonic acid metabolism. Acta Pharmaceu-
tica Sinica, 1990, 25:412.

Chen YC, Gao YQ. Research on the mechanism of blood-tonifying effect of dang-
gui buxue decoction. Chung Kuo Chung Yao Tsa Chih, 1994, 19:43-45, 63.
Compendium of materia medica. Shanghai, State Administration of Traditional Chinese
Medicine, Shanghai Science and Technical Press, 1996:1341-1355.

Lo A et al. Danggui (Angelica sinensis) affects the pharmacodynamics but not the
pharmacokinetics of warfarin in rabbits. European Journal of Drug Metabolism and
Pharmacokinetics, 1995, 20:55-60.



Flos Calendulae

Definition

Flos Calendulae consists of the dried ligulate florets or composite flowers of
Calendula officinalis L. (Asteraceae) (1-3).

Synonyms

Asteraceae are also known as Compositae.

Selected vernacular names

Atunjaq, calendula, Chinese safflower, cuc kim tién, djamir, djomaira, feminell,
flamenquilla, fleur de calandule, fleur de souci, fleur de souci officinal, fleurs
de tous les mois, garden marigold, gold-bloom, Goldblume, gole hamisheh
bahar, hen and chickens, Kérémvirag, lellousha, maravilla, marigold, mary-bud,
ok-hhawan, pot marigold, qaraqus, qawghan, quaqahan, ringflower,
Ringelbliiten, saialill, sciure’e Sant’antonio, souci, souci des jardins, tabsoult,
toukinsenka, tousslat, uchu Kaspa, virreina, xu xi, zergul zerzira, zobeida,

zubaydah (4-7).

Geographical distribution

Indigenous to central, eastern and southern Europe. Cultivated commercially
in North America, the Balkans, Eastern Europe and Germany (6, 8).

Description

An annual herb, much branched from the base, very aromatic, up to 0.3-0.6m
high; stem angular, hairy and solid. Leaves sessile, light green, with semi-
amplexicaul base; entire, undulate or remotely denticulate; glandular hairs on
both surfaces; lower leaves spatulate, obtuse, sometimes acute at the apex,
10-20cm long and 1-4cm wide; higher leaves oblong and mucronate, 4-7 cm
long. Involucral bracts 7-15 mm long, covered with long, glandular hairs; inner
involucral bracts with pellucid, scarious margin; marginal flowers in cultivated
plants often multi-seriate; corolla oblong-spatulate, bright yellow or orange,
15-25mm long and 3mm wide, 1-3-toothed with 4 or 5 veins, marginally
entire, covered at the base with patent, long, thick hairs; corolla of disc flowers
rounded, 3-dentate top, 1.5-2.5cm long and 4-7mm in diameter, 5mm long
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tube and moderately widened limb. Stigma short, thick, hairy; ovary oblong,
0.5mm in length, pubescent, shrivelling after anthesis. Achenes narrowly
oblong, strongly curved, faintly ribbed, thinly pubescent or glabrous, 10-12 mm
long, outer achenes warty-ribbed outside, inner achenes prickly-warty, often
with broad, thick margins (2, 7, 9).

Plant material of interest: dried ligulate florets and
composite flowers

General appearance

Ligulate florets consist of a yellow, orange or orange-yellow ligule, 3-5mm
wide and about 7 mm in the middle part, with 3-toothed apex and hairy, partly
sickle-shaped, yellowish-brown to orange-brown tube with projecting
style and 2-lobed stigma; occasionally with a partly bent yellowish-brown to
orange-brown ovary. Tubular florets about S5mm long, consist of yellow,
orange-red or red-violet 5-lobed corolla and yellowish-brown or orange-brown
tube, hairy in its lower part, mostly with a bent yellowish-brown to orange-
brown ovary (1).

Organoleptic properties
Odour: faint, pleasantly aromatic (10, 11); taste: bitter (2).

Microscopic characteristics

Inner epidermal cells of ray floret elongated, rectangular and almost straight-
walled, cuticle faintly striated; stomata absent; outer epidermal cells similar, but
with 3 or 4 anomocytic stomata; trichomes very numerous on the tube, bi-
seriate; stigma epidermal cells straight-walled, polygonal. In disc floret, outer
epidermal cells elongated, straight or slightly sinuous-walled, stomata absent;
abundant trichomes on area below point of insertion of the stamens, mainly
glandular, uniseriate or biseriate. Within the upper part of the anthers, a layer
of isodiametric to elongated, moderately thick-walled, lignified and pitted cells;
pollen grains spherical, up to 45um in diameter, with 3 germinal pores, exine
finely granular with numerous short spines; apex of stigma covered by short,

bulbous papillae (2).

Powdered plant matetial

Yellow-green; fragments of corollas containing light yellow oil droplets; some
corollas with fairly large anomocytic stomata, others containing prismatic and
very small clusters of calcium oxalate crystals. Covering trichomes biseriate,
multicellular and conical; glandular trichomes with a uniseriate or biseriate,
multicellular stalk and a large, ovoid, biseriate, multicellular head. Spherical
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pollen grains up to 45um in diameter, exine finely granular with numerous
short spines and with 3 germinal pores; occasional fragments of stigmas with
short, bulbous papillae (7).

General identity tests

Macroscopic and microscopic examinations, and thin-layer chromatography for
flavonoid content (7, 2).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (12).

Foreign organic matter
Not more than 5% bracts and not more than 2% other foreign matter (7, 2).

Total ash
Not more than 10% (1, 2).

Acid-insoluble ash
Not more than 2% (2).

Water-soluble extractive
Not less than 20% (2).

Loss on drying
Not more than 10% (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (13). For other pesticides, see the European pharmacopoeia (13), and
the WHO guidelines on quality control methods for medicinal plants (72) and
pesticide residues (14).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (12).

37



WHO monographs on selected medicinal plants

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (72) for the analysis of radioactive isotopes.

Other purity tests

Chemical, sulfated ash and alcohol-soluble extractive tests to be established in
accordance with national requirements.

Chemical assays

Contains not less than 0.4% flavonoids, calculated as hyperoside, by spectro-
photometry (7). A high-performance liquid chromatography method is also
available (75).

Major chemical constituents

The major constituents are triterpene saponins (2-10%) based on oleanolic
acid (i.e. calendulosides) and flavonoids (3-O-glycosides of isorhamnetin and
quercetin), including astragalin, hyperoside, isoquercitrin and rutin. Other con-
stituents include essential oil, sesquiterpenes (e.g. caryophyllene) and triter-
penes (e.g. a- and B-amyrins, lupeol and lupenone) (5, 6, 16). Polysaccharides
have also been reported (77). The structures of the characteristic triterpene
saponins and flavonoids are presented below.

calendulosides

R R® R* R®
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Medicinal uses
Uses supported by clinical data
None.

Uses described in pharmacopoeias and in traditional systems

of medicine

External treatment of superficial cuts, minor inflammations of the skin and oral
mucosa, wounds and ulcus cruris (2, 18, 19).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of amenorrhoea, angina, fevers, gastritis, hypotension, jaundice,
rheumatism and vomiting (2, 5, 6).

Pharmacology

Experimental pharmacology

Phagocytosis

Three polysaccharides isolated from an aqueous extract of Flos Calendulae
enhanced phagocytosis in human granulocytes in vitro in the colloidal car-
bon clearance test (77). Intraperitoneal injection of a polysaccharide fraction iso-
lated from an aqueous extract of the flowers to mice (10mg/kg body weight)
enhanced phagocytosis (20). Intraperitoneal administration of an unsaponifiable
fraction (0.5ml) of a hydroalcoholic extract of the flowers weakly stimulated
phagocytosis in mice inoculated with Escherichia coli. However, the hydroalco-
holic extract was not active (21).

39



WHO monographs on selected medicinal plants

Antimicrobial activity

The essential oil of the flowers inhibited the growth in vitro of Bacillus subtilis,
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Candida albi-
cans (22). A flavonoid fraction isolated from the flowers inhibited the growth
in vitro of S. aureus, Sarcina lutea, E. coli, Klebsiella pneumoniae and Candida
monosa (23). However, chloroform, ethanol, methanol or water extracts of the
flowers did not inhibit bacterial growth in vitro (24-26). Acetone, ethanol or
water extracts inhibited the growth in vitro of the fungus Neurospora crassa (27).
Extracts of the flowers inhibited the growth in vitro of Trichomonas vaginalis (28).
Oxygenated terpenes appear to be responsible for the antimicrobial activity

(29).

Antiviral activity

A tincture of the flowers suppressed the replication of herpes simplex, influenza
A2 and influenza APR-8 viruses in vitro (30). However, an aqueous extract of
the flowers was not active (31). A chloroform extract of the flowers inhibited
the replication of HIV-1 in acutely infected lymphocytic MOLT-4 cells in vitro
(ICsp 0.4mg/ml) (32). A chloroform extract also inhibited HIV-1 reverse tran-
scriptase activity in a dose-dependent manner (EDs, 51.0ug/ml) (32). A 5% hot
aqueous extract of the flowers (2ml) inhibited the replication of encephalitis
virus after intraperitoneal administration to mice (33).

Anti-inflammatory activity

Topical application of a 70% ethanol extract of the flowers to mice at a dose
of 1.2 mg/ear (corresponding to 4.16 mg crude drug) reduced croton oil-induced
ear oedema by 20% (34). External application of a carbon dioxide extract of the
flowers (300pug/cm®) suppressed croton oil-induced ear oedema in mice
(34). The triterpene fraction of an extract of the flowers had marked anti-
inflammatory activity in mice (1 pg/ear) against ear oedema induced by 12-O-
tetradecanoylphorbol-13-acetate (35). Faradiol esters isolated from the flowers
(240 ug/cm?) inhibited croton oil-induced ear oedema in mice (36). Intragastric
administration of an aqueous extract of the flowers (100mg/kg body weight)
inhibited carrageenan-induced footpad oedema in rats (37). However, an 80%
ethanol extract of the flowers was weakly active (11% inhibition) at a con-
centration of 100mg/kg body weight administered orally 1 hour prior to induc-
tion of oedema (38). Isorhamnetin glycosides isolated from the flowers
inhibited rat lung lipoxygenase in vitro (39).

Wound-healing activity

External application of a hydroalcoholic extract accelerated the rate of con-
traction and epithelialization of excision wounds in rats (40). A 3% freeze-dried
aqueous extract of the flowers induced vascularization in the chick chorio-
allantoic membrane assay. Histological sections of the treated chorioallantoic
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membranes also indicated the presence of hyaluronan, a tissue glycosamino-
glycan associated with neovascularization (41).

Clinical pharmacology

Although no randomized, controlled clinical trials have been performed, two
case reports in the early medical literature support the traditional use of Flos
Calendulae. The reports describe the use of a strong tincture of the flowers
applied on compresses to reduce inflammation and suppuration, and to acceler-
ate the healing of wounds (42, 43). These reports may be of historical value only.

Contraindications

Flos Calendulae is contraindicated in cases of known allergy to plants of the
Asteraceae (Compositae) family (78).

Warnings
No information available.

Precautions
Carcinogenesis, mutagenesis, impairment of fertility

Saponins isolated from Flos Calendulae were not mutagenic at a concentration
of 400ug/ml in the Salmonella/microsome assay using S. typhimutium strain
TA98, with or without S9 metabolic activation (44). Extracts of the flowers were
not carcinogenic after daily intragastric administration of 0.15 g/kg body weight
to rats (for 22 months) or hamsters (for 18 months) (45). Mutagenicity testing of
the fluidextract in the Salmonella/microsome assay (using S. typhimutium strains
TA98, TA100, TA1535 and TA1537) was negative at concentrations of up to
Smg/plate. The mouse bone marrow micronucleus test was also negative after
daily administration of up to 1g/kg body weight for 2 days (46). A fluidextract
of the flowers (100mg/ml, 60% ethanol) was genotoxic in both mitotic
crossing-over and chromosome segregation when assayed for mitotic segrega-
tion in the heterozygous diploid D-30 of Aspergillus nidulans (46).

Other precautions

No information available on general precautions or precautions concerning
drug interactions; drug and laboratory test interactions; teratogenic and non-
teratogenic effects in pregnancy; nursing mothers; or paediatric use. Therefore,
Flos Calendulae should not be administered during pregnancy or lactation or
to children without medical supervision.

Adverse reactions

Weak skin-sensitization has been reported (47).
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Dosage forms

Infusion for topical use; aqueous and alcohol extracts, tinctures and ointment
for external use (2, 18, 19). Store in a well-closed container, protected from light

().

Posology

(Unless otherwise indicated)

Topical application: an infusion of 1-2g/150ml (78). External use: a 40%
alcohol extract (1:1), or tincture (1:5) in 90% alcohol (2). For the treatment of
wounds, the tincture is applied undiluted; for compresses, the tincture is usually
diluted at least 1:3 with sterile water (18, 48, 49). Ointment: 2-5% (48, 50).

References

1. European pharmacopoeia, 8rd ed., Suppl. 2000. Strasbourg, Council of Europe,
1999.

2. British herbal pharmacopoeia. London, British Herbal Medicine Association, 1996.

3. Pharmacopoeia Hungarica, 7th ed. Budapest, Hungarian Pharmacopoeia Commission,

Medicina Konyvkiado, 1986.

. Boulos L. Medicinal plants of North Africa. Cairo, Reference Publications, 1983.

. Farnsworth NR, ed. NAPRALERT database. Chicago, University of Illinois
at Chicago, IL, January 28, 1998 production (an online database available
directly through the University of Illinois at Chicago or through the Scientific and
Technical Network [STN] of Chemical Abstracts Services).

6. Bisset NG. Herbal drugs and phytopharmaceuticals. Boca Raton, FL, CRC Press, 1994.

7. Youngken HW. Textbook of pharmacognosy, 6th ed. Philadelphia, PA, Blakiston,
1950.

8. Leung AY, Foster S. Encyclopedia of common natural ingredients used in food, drugs, and
cosmetics, 2nd ed. New York, NY, John Wiley & Sons, 1996.

9. Backer CA, Van den Brink B. Flora of Java. Vol. 2. Noordfog-Groningen, NVP, 1965:
574.

10. Pharmacopoea helvetica, 8th ed. Berne, Département fédéral de l'intérieur, 1997.

11. Pharmacopée frangaise. Paris, Adrapharm, 1996.

12. Quality control methods for medicinal plant materials. Geneva, World Health Organiza-
tion, 1998.

18. European pharmacopoeia, 3rd ed. Strasbourg, Council of Europe, 1996.

14. Guidelines for predicting dietary intake of pesticide residues, 2nd rev. ed. Geneva, World
Health Organization, 1997 (document WHO/FSF/FOS/97.7).

15. Vidal-Ollivier E et al. Dosage par CLHP. Des flavonoides majoritaires de Calendula
officinalis L. En fonction de la variété culturale et de la date de récolte. Pharmaceutica
Acta Helvetiae, 1991, 66:318-320.

16. Bruneton J. Pharmacognosy, phytochemistry, medicinal plants. Paris, Lavoisier, 1995.

17. Varljen J, Liptak A, Wagner H. Structural analysis of a rhamnoarabinogalactan
and arabinogalactans with immunostimulating activity from Calendula officinalis.
Phytochemistry, 1989, 28:2379-2383.

18. ESCOP monographs on the medicinal uses of plant drugs. Fascicule 1. Elburg, European
Scientific Cooperative on Phytotherapy, 1996.

19. Blumenthal M et al., eds. The complete German Commission E monographs. Austin, TX,
American Botanical Council, 1998.

[S1 NN

42



20.
21.
22.
23.
24.

25.

26.

27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
. Elias R et al. Antimutagenic activity of some saponins isolated from Calendula

45.

Flos Calendulae

Wagner H et al. Immunstimulierend wirkende Polysaccharide (Heteroglykane) aus
héheren Pllanzen. Arzneimittel-Forschung, 1985, 7:1069-1075.

Delaveau P et al. Drogues végétales stimulant 'activité phagocytaire du systéme
réticulo-endothélial. Planta Medica, 1980, 40:49-54.

Janssen AM et al. Screening for antimicrobial activity of some essential oils by the
agar overlay technique. Pharmaceutisch Weekblad, 1986, 8:289-292.

Tarle D, Dvorzak I. Antimicrobial substances in Flos Calendulae. Farmaceviski Vestnik
(Ljubljana), 1989, 40:117-120.

Rios JL, Recio MC, Villar A. Antimicrobial activity of selected plants employed
in the Spanish Mediterranean area. Journal of Ethnopharmacology, 1987, 21:139-
152.

Dornberger K, Lich H. Screening for antimicrobial and presumed cancerostatic plant
metabolites. Pharmazie, 1982, 37:215-221.

Acevedo JG, Lopez JL, Cortes GM. In vitro antimicrobial activity of various plant
extracts used by purepecha against some Enterobacteriaceae. International Journal of
Pharmacognosy, 1993, 31:61-64.

KubasJ. Investigations on known or potential antitumoral plants by means of micro-
biological tests. Part III. Activity of some cultivated plant species in Neurospora crassa
test. Acta Biologica Cracoviensia Seties Botanica, 1972, 15:87-100.

Racz G et al. Trichomonicidal and anthelmintic activity of Roumanian folkloric
plants. Planta Medica, 1980, 39:257 A.

Gracza L. Oxygen-containing terpene derivatives from Calendula officinalis. Planta
Medica, 1987, 53:227.

Bogdanova NS et al. Study of antiviral properties of Calendula officinalis. Farmakol
Toksikol (Moscow), 1970, 33:349.

May G, Willuhn G. Antiviral activity of aqueous extracts from medicinal plants in
tissue cultures. Arzneimittel-Forschung, 1978, 28:1-7.

Kalvatchev Z et al. Anti-HIV activity of extracts from Calendula officinalis flowers.
Biomedicine and Pharmacotherapy, 1997, 51:176-180.

Fokina GI et al. Experimental therapy of tick-borne encephalitis. Sovier Progress in
Virology, 1991, 1:27-31.

Della-Loggia R et al. The role of triterpenoids in the topical anti-inflammatory
activity of Calendula officinalis flowers. Planta Medica, 1994, 60:516-520.

Akihisa T et al. Triterpene alcohols from the flowers of Compositae and their anti-
inflammatory effects. Phytochemistry, 1996, 43:1255-1260.

Zitterl-Eglseer K et al. Anti-oedematous activities of the main triterpendiol esters of
marigold (Calendula officinalis L.). Journal of Ethnopharmacology, 1997, 57:139-144.
Peyroux ] et al. Anti-oedemic and anti-hyperhaemic properties of Calendula offici-
nalis L. Plantes médicinales et Phytotherapie, 1981, 15:210-216.

Mascolo N et al. Biological screening of Italian medicinal plants for anti-
inflammatory activity. Phytotherapy Research, 1987, 1:20-31.

Bezakova L et al. Inhibitory activity of isorhamnetin glycosides from Calendula offic-
inalis L. on the activity of lipoxygenase. Pharmazie, 1996, 51:126-127.

Rao SG et al. Calendula and Hypericum: two homeopathic drugs promoting wound
healing in rats. Fitoterapia, 1991, 62:508.

Patrick KEM et al. Induction of vascularisation by an aqueous extract of the flowers
of Calendula officinalis L., the European marigold. Phytomedicine, 1996, 3:11-18.
Livezey A. Some observations on our indigenous medical flora. Medical and Surgi-
cal Reporter, 1868, 19:85.

Reynolds RG. Calendula. Pacific Medical and Surgical Journal, 1886, 29:720.

officinalis L., C. arvensis L. and Hedera helix L. Mutagenesis, 1990, 5:327-331.

Avramova S et al. Source of new products for the cosmetic industry. Medical and
Biological Information, 1988, 4:28-32.

43



WHO monographs on selected medicinal plants

46. Ramos A et al. Genotoxicity of an extract of Calendula officinalis L. Journal of
Ethnopharmacology, 1998, 61:49-55.

47. Bruynzeel DP et al. Contact sensitization by alternative topical medicaments con-
taining plant extracts. Contact Dermatitis, 1992, 27:278-279.

48. Willuhn G. Pflanzliche Dermatika, eine kritische Ubersicht. Deutsche Apotheker
Zeitung, 1992, 132:1873-1883.

49. Van Hellemont J. Fytotherapeutisch compendium, 2nd ed. Utrecht, Bohn, Scheltema &
Holkema, 1988:113-114.

50. Hénsel R et al.,, eds. Hagers Handbuch der pharmazeutischen Praxis. Bd. 4: Drogen A-K,
5th ed. Berlin, Springer-Verlag, 1994.

44



Flos Caryophylli

Definition

Flos Caryophylli consists of the dried flower buds of Syzygium aromaticum (L.)
Merrill et L.M. Perry (Myrtaceae) (1-5).

Synonyms

Caryophyllus aromaticus L., Eugenia aromatica (L.) Baill., E. caryophylla Thunb.,
E. caryophyllus (C. Spreng.) Bull. et Harr., Jambosa caryophyllus (Spreng.) Nied.,
Myrtus caryophyllus Spreng. (1, 5-8).

Selected vernacular names

Benefundi, choji, choko, chouii, choukou, clavero, clavo de olor, clous de girofle,
clove, cloves, colve, ding huong, dingxiang, flores caryophylli, Gewtrznelken,
girofle, giroflier, glove, gurunful, harilik negipuu, kaan phluu, kaan pluu, kade,
kanumfari, karafwu, karanho, kau-phlu, konofuru, koronfol, lauang, laung,
lawang, Nigelein, osaragbogo-eze, qaranfal, qoranful, gronfel, szegfiiszeg,
ud-nuwwar (1, 6-9).

Geographical distribution

Indigenous to the Moluccas and southern Philippines, but currently culti-
vated in many tropical areas including Africa (e.g. Madagascar and United
Republic of Tanzania), South America, Indonesia, Malaysia and Sri Lanka
(7,8).

Description

Small evergreen trees, 10-20m high. Leaves opposite, petiolate, lanceolate,
pinkish to dark green, with translucent, aromatic glands, have a pungent odour
when young. Inflorescence occurs as racemose panicles and bears buds that
take on the form of nails before blossoming. Flowers red with 4 concave, over-
lapping petals that drop off as soon as the flower opens; stamens numerous; 4
calyx lobes. Fruit dark red, fleshy drupe. Buds readily exude oil when pressed
or scratched with a fingernail (7).
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Plant material of interest: dried flower buds
General appearance

Flower bud 10-20mm long, bright reddish-brown to dark brown; lower
part (the hypanthium) solid, cylindrical, somewhat flattened, 4-sided, tapering
towards the base and bearing at the apex 4 thick, triangular, divergent sepals,
alternating with 4 rounded, fragile, unexpanded, membranous, imbricated
petals forming a pale, nearly spherical head that encloses numerous stamens,
curved inward and inserted on a small disc, and a stiff, slender, erect, single
style arising from a depression in the centre. Externally wrinkled; internally,
hypanthium contains in its upper portion a 2-celled inferior ovary with numer-
ous ovules attached to the axile placenta; has very large outer zone with numer-
ous shining, oval oil glands near the periphery, numerous vascular bundles in
the centre and a dark, lacunose layer abutting on the central zone and columella

(7).

Organoleptic properties
Odour: characteristic, strongly aromatic; taste: pungent, spicy, followed by
slight numbness (7, 3, ).

Microscopic characteristics

Hypanthium epidermis of small, thick-walled isodiametric cells with very thick
cuticle, with stomata with no special subsidiary cells. Parenchymatous layer
containing numerous large (up to about 200um long), oval, radially elongated,
schizo-lysigenous oil glands, arranged in 2 or 3 more or less intermixed layers.
Layer of parenchyma and collenchyma containing clusters of calcium oxalate
crystals, and traversed by small, irregularly arranged vascular bundles consist-
ing of delicate, spiral vessels (up to 20um in diameter), usually accompanied
by isolated fusiform, pericyclic fibres (200-650um long and up to 40pm in
diameter), having strongly thickened lignified walls. Lacunous layer formed of
thin-walled parenchyma. The columella consists of a parenchymatous strand
with numerous closely arranged, small vascular bundles. Sepals, with epider-
mis resembling that of hypanthium and having numerous stomata on outer
surface; mesophyll with rounded or stellate cells, numerous ovoid oil glands
and clusters of calcium oxalate crystals, and traversed by a few slender vascu-
lar bundles. Petals, with epidermis formed of cells with straight, thin walls;
stomata, absent; mesophyll, undifferentiated, containing oil glands and cells
with clusters of calcium oxalate crystals, and traversed by small vascular
bundles. Stamens, with filaments having a central vascular strand and oil glands
beneath the epidermis; connective tissue, with a large oil gland in the apex of
anther walls, with fibrous layer and minute clusters of calcium oxalate crystals
along the line of dehiscence. Pollen grains, triangular, tricolpate, 10-20um in
diameter. Style, with epidermis similar to that of hypanthium, and consisting
of small collenchyma cells, with clusters of calcium oxalate crystals, radially
elongated oil glands, and traversed by 2 narrow vascular strands (7).
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Powdered plant material

Dark brown; abundant fragments of collenchyma and parenchyma with
clusters of calcium oxalate crystals, fragments of epidermis with thick-walled
cells and few stomata; fragments of vascular or parenchyma tissue showing
broken or entire oil glands; numerous fragments of vascular bundles with
delicate spiral vessels, ranging from 6 to 45um in diameter, mostly 6-10um;
occasional fusiform, rather thick-walled fibres, 4-20um wide; numerous
pollen grains, appearing either as equilateral triangular, with truncated, emar-
ginate apices, or oval in outline, 10-20pm in diameter; fragments of the fibrous
layer of anther wall; clusters of calcium oxalate crystals, 10-15um in diameter

(1, 5).

General identity tests

Macroscopic and microscopic examinations, and thin-layer chromatography for
the presence of eugenol and B-caryophyllene (7, 3-5, 10).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (11).

Foreign organic matter

Not more than 4% open buds, peduncles and fruits; not more than 2%
deteriorated buds; not more than 0.5% other foreign matter (5).

Total ash
Not more than 7% (4, 5).

Acid-insoluble ash
Not more than 0.5% (4).

Sulfated ash
Not more than 8% (12).

Loss on drying
Not more than 12% (3).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (5). For other pesticides, see the European pharmacopoeia (5), and the
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WHO guidelines on quality control methods for medicinal plants (77) and
pesticide residues (13).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (71).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (77) for the analysis of radioactive isotopes.

Other purity tests

Chemical, water-soluble extractive and alcohol extractive tests to be established
in accordance with national requirements.

Chemical assays

Contains not less than 15% (v/w) essential oil (7, 12), determined by distilla-
tion (5).

Major chemical constituents

The major constituent (up to 20%) is an essential oil, which is characterized
by the presence of eugenol (60-95%), eugenol acetate (2-27%), and o- and
B-caryophyllene (5-10%) (6, 8, 9, 14, 15). The structures of the major con-
stituents are presented below.

CH3 CH3
. (50
/\/@ Crs ‘
H2C OCHs HsC H CH,
HsC

CHy ®~  CHg
eugenol R=H
eugenol acetate R = CO-CHgz o-caryophyllene B-caryophyllene

Medicinal uses
Uses supported by clinical data
None.

Uses described in pharmacopoeias and in traditional systems

of medicine

External or local applications for the treatment of toothache, and minor infec-
tions of the mouth and skin (7, 14, 16). Also used as an antiseptic for dressing
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of minor wounds, and, in the form of lozenges, for sore throats and coughs
associated with the common cold (7). The essential oil (1-5%) is used in mouth-
washes (16).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of asthma, bleeding gums, dyspepsia, fevers and morning sickness

9).

Pharmacology
Experimental pharmacology
Antimicrobial activity

Ethanol (95%) or aqueous extracts of Flos Caryophylli inhibited the growth in
vitro of Staphylococcus aureus (17). The juice of the flower bud inhibited the
growth in vitro of Mycobacterium tuberculosis (minimal inhibitory concentration
[MIC] 1:160) (18). The powdered crude drug inhibited the growth in vitro of
Yersinia enterolitica when added to the medium at a concentration of 1-3%
(w/w) (19, 20). An aqueous extract of the flower buds inhibited the growth in
vitro of Bacillus subtilis (21). A chloroform extract of the flower buds inhibited
the growth in vitro of Cladosporium werneckii (22). A 50% ethanol extract of the
flower buds inhibited the growth of Aspergillus fumigatus, Aspergillus niger,
Botrytis cinerea, Fusarium oxysporum, Penicillium digitatum, Rhizopus nigricans,
Trichophyton mentagrophytes, Candida albicans and Saccharomyces pastorianus at a
concentration of 500mg/ml (23).

Eugenol, one of the active constituents of the flower buds, inhibited the
growth in vitro of Staphylococcus aureus, Propionibactetium acnes and Pseudomonas
aeruginosa, with an MIC of 0.05, 0.05 and 0.80mg/ml, respectively (24, 25). In
other studies, eugenol had a broad spectrum of antibacterial activity in vitro,
inhibiting the growth of Clostridium sporogenes, Enterobacter aerogenes, Escherichia
coli, Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella
pullorum, Staphylococcus aureus, Streptococcus faecalis and Comamonas terrigena at
various concentrations (26, 27). Eugenol also had a broad spectrum of anti-
fungal activity in vitro, inhibiting the growth of Alternaria alternata, Aspergillus
fumigatus, Aspergillus niger, Aspergillus flavus, Cladosporium werneckii, Cladosporium
cucumetinum, Colletotrichum capsici, Helminthosporium oryzae, Mictosporum canis,
Penicillium expansum, Phytophthora parasitica, Rhizopus nodosus, Trichophyton
mentagrophytes and T. rubum at various concentrations (27-30).

Antiviral activity

An aqueous extract of the flower buds suppressed the replication of herpes
simplex virus (HSV) in vitro at a concentration of 50ug/ml (37). An aqueous
extract of the flower buds had antiviral activity against HSV-1 in vitro (ICs
60ug/ml), and in mice (250mg/kg body weight by gastric lavage) (32). A hot
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aqueous extract of the flower buds suppressed the replication of HSV-1, measles
virus and poliovirus-1 in Vero cells in vitro at a concentration of 0.5 mg/ml (33).
Intragastric administration of a decoction of the flower buds (750mg/kg body
weight) decreased HSV-1 genome titres and the severity of HSV infection in
mice with recurring herpetic lesions induced by ultraviolet light (34). Eugenol
at a concentration of 0.1-10ug/ml demonstrated antiviral activity against HSV
and adenovirus-6 in vitro (35). Eugeniin isolated from the flower buds exhib-
ited anti-HSV-1 activity in mice (36).

Anti-inflammatory activity

Topical application of a methanol extract of the flower buds (2mg/ear)
suppressed ear oedema in mice induced by 12-O-tetradecanoylphorbol-
13-acetate (37). A methanol extract of the flower buds inhibited interleukin-8
production induced by lipopolysaccharide in rat macrophages in vitro at a con-
centration of 0.1mg/ml (38). Administration of eugenol (100mg/kg body
weight by gastric lavage or 50mg/kg body weight intraperitoneally) inhibited
carageenan-induced footpad oedema in rats (39—41). Intragastric administration
of eugenol to rats (33 mg/kg body weight) suppressed footpad and knee oedema
induced by Mycobacterium tuberculosis (42). Administration of eugenol to rats
(50mg/kg body weight intraperitoneally or 100mg/kg body weight by gastric
lavage) inhibited carrageenan-induced footpad oedema (39, 47). Topical appli-
cation of eugenol to mice and rats at a dose of 0.2-2.0mg/ear suppressed ear
oedema induced by 12-O-tetradecanoylphorbol-13-acetate and ethyl phenyl-
propiolate (43—45). Topical application of eugenol inhibited carrageenan-
induced footpad oedema in rats and reversed passive Arthus reaction in rabbits
(46). Eugenol inhibited the activities of cyclooxygenase (ICsy 12-82 umol/l) and
lipoxygenase (ICsy 20-100umol/l) in vitro (41, 46—48). Eugenol also inhibited
the biosynthesis of prostaglandin and thromboxane in various biological
systems (27, 44, 49-51) and both eugenol and isoeugenol inhibited platelet
aggregation (ICs, 1.8umol/l) (46).

Antioxidant activity

A petroleum ether or ethylene chloride extract of the flower buds exhibited
strong antioxidant activity in vitro at a concentration of 0.1% (52, 53). A
methanol extract of the flower buds inhibited lipid peroxidation induced by
carbon tetrachloride, ADP plus arachidonic acid, and ADP plus NADPH (ICs,
1.7, 2.6 and 6.4ug/ml, respectively) (54). The antioxidant activity of eugenol
has been demonstrated in a wide range of in vitro systems (55-59).

Miscellaneous activities

The essential oil had spasmolytic activity in vitro on isolated guinea-pig trachea
and intestine (60, 61). Eugenol and caryophyllene had a narcotic effect after
intravenous administration of high doses (200-400mg/kg body weight) (27, 62),
and a sedative effect after intragastric administration of low doses (1-100mg/kg
body weight) to mice (60).
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Clinical pharmacology

None.

Contraindications

Flos Caryophylli is contraindicated in cases of known allergy to plants of the
Myrtaceae family.

Warnings
No information available.

Precautions
Carcinogenesis, mutagenesis, impairment of fertility

An aqueous or chloroform-methanol extract of the crude drug was not muta-
genic in the Salmonella/microsome assay at concentrations up to 100mg/ml (63,
64). A hot aqueous extract was not mutagenic in the Salmonella/microsome
assay using S. typhimurium strains TA98 or TA100 at a concentration of
50mg/disk (63, 65). However, a 95% ethanol extract was mutagenic in the
Salmonella/microsome assay using S. typhimurium strain TA102 at a concentra-
tion of 10mg/plate (66). Eugenol was not mutagenic in vitro (Salmonella/
microsome assay; up to 600ug/plate) or in vivo (in mice; 200mg/kg body
weight, by intramuscular injection) (67-69). Local application of eugenol
reduced the carcinogenic activity of benzopyrene (70).

Other precautions

No information available on general precautions or precautions concerning
drug interactions; drug and laboratory test interactions; teratogenic and non-
teratogenic effects in pregnancy; nursing mothers; or paediatric use. Therefore,
Flos Caryophylli should not be administered during pregnancy or lactation or
to children without medical supervision.

Adverse reactions

Allergic contact dermatitis has been reported in patients who were regularly
exposed to Flos Caryophylli or who already had dermatitis of the fingertips (77).

Dosage forms

Crude drug, extracts, tincture (1:5, 25% ethanol), lozenges and mouthwash.
Store in a well-closed container, protected from light (7, 5).

Posology

(Unless otherwise indicated)
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Daily dosage: crude drug 3-5g as an infusion (preferably taken hot), three times
daily; 25% ethanol extract (1:1) 3-5ml; tincture (1:5, 25% ethanol) 10-25ml (2).
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Rhizoma Cimicifugae Racemosae

Definition

Rhizoma Cimicifugae Racemosae consists of the dried rhizomes and roots of
Cimicifuga racemosa (L.) Nutt. (Ranunculaceae) (7).

Synonyms

Actaea gyrostachya Wender, A. orthostachya Wender, A. monogyna Walt., A. race-
mosa L., Bortrophis actaeoides Raf., B. serpentaria Raf., Christophoriana canadensis
racemosa Gouan, Cimicifuga racemosa (Torr) Bart., C. serpentaria Pursh, Macrotis
racemosa Sweet, M. serpentaria Raf., Macrotrys actaeiodes Raf. (4-6).

Selected vernacular names

Actée a grappes, black cohosh, black root, black snakeroot, bugbane, bug-
wort, bugwort rattleroot, cimicifuga, cohosh bugbane, Frauen Wurzel, herbe
aux punaises, macrotnys, macrotys, macroty’s, natsushirogiku, Qatil el baq,
racine d’actée a grappes, rattle root, rattle snake root, rattle top, rattleweed, rich
weed, schwarze Schlangenwurzel, squaw root, squawroot, Traubensilberkerze,
Wanzenkraut, zilberkaars (7-9).

Geographical distribution
Indigenous to eastern North America (9).

Description

A perennial herb, up to 1-2.5m high; subterranean part consists of a thick,
knotted rhizome system. Leaves compound, pinnate, up to 7 cm long; leaflets
serrate along the margin, subcordate to subcuneate at the base. Inflorescence a
long, wand-like raceme of white flowers with numerous stamens (9, 10).

! Rhizomes and roots of Cimicifuga heracleifolia Kom., C. dahurica (Turcz.) Maxim. or C. foetida L.
are referred to as Rhizoma Cimicifugae in the Pharmacopoeia of the People’s Republic of China (2).
Rhizomes and roots of C. simplex Warm. and related species are referred to under the same name
in The Japanese pharmacopoeia (3).
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Plant material of interest: dried rhizomes and roots
General appearance

Mixture of entire and broken dried rhizomes and roots. Rhizome dark-brown,
hard, sub-cylindrical and somewhat knotted; 1-2.5 cm in diameter and 2-15 cm
long, with numerous, closely-arranged, upright or curved branches, each ter-
minating in the remains of a bud or a circular, cup-shaped scar; branches about
1cm in diameter and up to 3 cm long, marked with distinct, encircling leaf scars;
fracture horny; transverse surface showing a thin outer bark surrounding a
ring of numerous pale, narrow wedges of vascular tissue alternating with dark
medullary rays; a large central pith.

Roots attached to under surface of the rhizome or, more usually, broken
off leaving circular scars. Roots dark brown, 1-3 mm in diameter, brittle, nearly
cylindrical or obtusely quadrangular, longitudinally wrinkled; fracture short;
transverse surface showing a distinct cambium line separating the wide outer
bark from the central region composed of 3-6 wedges of lignified xylem tissue
united at their apices and separated by broad, non-lignified medullary rays
(1, 9.

Organoleptic properties
Odour: slight; taste: slightly bitter (1, 9).

Microscopic characteristics

Rhizome: yellowish-brown, suberized epidermis, several layers of starch- and
resin-containing cortical parenchyma, 2 circles of open, collateral, fibrovascular
bundles, the outer bundles being smaller than the inner; medullary rays sepa-
rate the bundles and contain starch grains, spherical or polygonal, simple or 2-3
or even up to 6 compound; individual grains 3-15um in diameter with central
slit-shaped hilum. Xylem contains tracheae with bordered pits and numerous
strongly lignified wood fibres; and a central pith with cells resembling those of
the cortex.

Root: thin epidermis, a cortex, separated into 2 zones by a distinct endoder-
mis, and 4-6, occasionally 3, open, collateral fibrovascular bundles separated

by broad, wedge-shaped medullary rays (7, 9).

Powdered plant material

Light brown, odourless with a bitter taste; abundant starch grains, often occur-
ring in masses in numerous fragments of thin-walled parenchyma; groups of
small, lignified vessels with closely arranged bordered pits or, less frequently,
with reticulate thickening; lignified thin-walled fibres and xylem parenchyma;
fragments of brown suberized cells with thickened walls (7).
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General identity tests

Macroscopic and microscopic and microchemical examinations (4, 9), and thin-
layer chromatography for the presence of characteristic flavonoids and pheno-
lic acids (1, 11).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (12).

Foreign organic matter

Not more than 5% stem bases and not more than 2% other foreign matter (7).

Total ash
Not more than 10% (7).

Acid-insoluble ash
Not more than 4% (1).

Water-soluble extractive
Not less than 10% ().

Loss on drying
Not more than 12% (5).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (13). For other pesticides, see the European pharmacopoeia (13), and
the WHO guidelines on quality control methods for medicinal plants (72) and
pesticide residues (14).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (12).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (72) for the analysis of radioactive isotopes.

Other purity tests

Chemical, sulfated ash and alcohol-soluble extractive tests to be established in
accordance with national requirements.
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Chemical assays

Qualitative assessments may be based on the triterpene and isoflavonoid
content. Concentration ranges and quantitative methods need to be established.
A high-performance liquid chromatography method is available for the quan-
titative analysis of flavones (15).

Major chemical constituents

The major and characteristic constituents include the cycloartanol-based triter-
penes acteol, acetylacteol, 26-deoxyacteol, cimigenol, actein, 26-deoxyactein
and cimicifugoside. (E)-Isoferulic acid and the isoflavone formononetin are also
found (4, 15-17). However, the latter compound could not be detected in
alcohol extracts of the root (15). The structures of the representative con-
stituents are presented below.
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Medicinal uses
Uses supported by clinical data

Treatment of climacteric symptoms such as hot flushes, profuse sweating,
sleeping disorders and nervous irritability (18-26).

Uses described in pharmacopoeias and in traditional systems
of medicine
Treatment of premenstrual syndrome and dysmenorrhoea (27, 28).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of coughs, dyspepsia, epilepsy, intercostal myalgia, rheumatoid
arthritis, sciatica, snake bites, tinnitus and whooping cough (1, 8, 9, 28, 29).

Pharmacology
Experimental pharmacology
Estrogenic activity

The estrogenic effects of Rhizoma Cimicifugae Racemosae are controversial,
and have been assessed both in vitro and in vivo. The in vitro proliferation of
human mammary carcinoma cells (cell line 435) was measured after treatment
with an isopropyl alcohol extract of the rhizome. Treatment using concentra-
tions below 2.5ug/ml did not enhance growth of the cells. However, concen-
trations of 2.5ug/ml and above significantly inhibited cell proliferation (30).
Similar results were obtained using the estrogen receptor-positive human
mammary carcinoma cell line MCF-7. When these cells were treated with a
40% isopropyl alcohol extract of the rhizome at concentrations ranging from
1ng/ml to 100ug/ml, the extract induced a dose-dependent inhibition of cell
proliferation and also augmented the antiproliferative effects of tamoxifen (37).
An extract of the rhizome (extract not specified) was tested in vivo for possi-
ble estrogenic effects in female rats. The extract was added to a standard liquid
diet and fed to ovariectomized rats daily for 3 weeks. An increase in uterine
weight was observed, along with an increase in serum ceruloplasmin levels,
suggesting estrogenic activity of the extract (32). However, in a short-term
study, intragastric or subcutaneous administration of a 50% ethanol extract of
the rhizome (30, 300 or 3000 mg/kg body weight) to immature mice daily for
3 days did not have any estrogenic effects, as assessed by changes in uterine
weight and vaginal cytology (33). Constituents of a chloroform fraction, iso-
lated from a methanol extract of the rhizome, bound to the estrogen receptors
of isolated rat uteri in vitro. Formononetin, a minor constituent of the extract,
showed a low binding affinity to the estrogen receptor (11.5 mmol/l) (34). The
effects of formononetin and a dichloromethane extract of the rhizome on
luteinizing hormone secretion were tested in vivo (35). Ovariectomized rats
received nine intraperitoneal injections over 5 days (equivalent to a total
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dose of 10mg formononetin or 108mg extract). The extract, but not for-
mononetin, reduced the serum concentration of luteinizing hormone
(34, 35). Intraperitoneal (but not intragastric) administration of a chloroform
(140mg), 60% ethanol (0.3ml) or dichloromethane (27mg) extract of the
rthizome reduced the serum concentration of luteinizing hormone in ovari-
ectomized rats after 3-3.5 days of treatment (34, 36, 37). Serum follicle-
stimulating hormone and prolactin levels, however, were not affected
(34). Intragastric administration of a 95% ethanol extract of the rhizome
(0.05 ml/animal daily) had no effect on genital functions in female mice (38).
The effects of estradiol on estrogen-dependent brain and uterine functions
were compared with those of a dichloromethane fraction of a hydroalcoholic
rthizome extract. Daily injection of the extract (60mg/rat) or estradiol for 3
weeks reduced serum luteinizing hormone levels, but only estradiol increased
uterine weight. Up-regulation of estrogen receptor-o. gene expression was
observed in MCEF-7 mammary carcinoma cells treated with either the extract
(35ug/ml) or estradiol. The results suggest that the dichloromethane fraction
of the extract may act as a selective modulator of the estrogen receptor (39).

Anti-inflammatory activity

Subcutaneous injection of an ethanol extract of the crude drug (100 mg/kg body
weight) reduced carrageenan-induced footpad oedema in rats by 32% (40).

Clinical pharmacology
Climacteric symptoms

The following studies were all performed using oral administration of either
a 40% isopropyl alcohol or 60% ethanol extract of Rhizoma Cimicifugae
Racemosae.

In a placebo-controlled clinical trial, 110 women with climacteric symptoms
were treated with the ethanol extract (8 mg daily) for 2 months. Although a sig-
nificant reduction in serum luteinizing hormone levels was observed in the
treated group (P < 0.01), there was no effect on follicle-stimulating hormone
levels (37).

A 12-week double-blind, placebo-controlled study of 80 women (aged
45-58 years) compared the efficacy of the rhizome extract (8 mg daily) with
either conjugated estrogens (0.625 mg daily) or placebo for the treatment of cli-
macteric symptoms and vaginal atrophy. The group treated with the extract
showed a greater reduction in climacteric symptoms than groups treated with
either conjugated estrogens or placebo, as demonstrated by a significant re-
duction in both the Kupperman Index and Hamilton Rating Scale for Anxiety
(Hamilton Anxiety Rating Scale), and by the proliferative status of the vaginal
epithelium (P < 0.001) (23).

The efficacy of the isopropyl alcohol extract for the treatment of climacteric
symptoms induced by hysterectomy was assessed in a randomized com-
parison trial without controls. Sixty women under the age of 40, who had
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undergone a hysterectomy, but retained one ovary, were treated daily with
either the extract (8mg), estriol (1 mg), conjugated estrogens (1.25mg) or an
estrogen—progesterone combination. After 4, 8, 12 and 24 weeks of treatment,
a significant decrease in climacteric symptoms was reported by the patients in
all treatment groups (P < 0.01). This was verified by a reduction in a modified
Kupperman index. Conjugated estrogens or the estrogen—progesterone combi-
nation appeared to be slightly more effective than the extract; however, no sig-
nificant difference between the three treatments was observed. Serum levels of
luteinizing hormone and follicle-stimulating hormone did not change signifi-
cantly in any of the groups (P > 0.05) (20).

In a study without controls of 50 women with climacteric complaints, after
administration of the ethanol extract (40 drops twice daily for 12 weeks),
patients with moderate symptoms required no further treatment (25).

A randomized controlled trial involving 60 women aged 45-60 years com-
pared the efficacy of the ethanol extract with hormone replacement therapy
(0.6mg conjugated estrogens) or 2mg diazepam for the treatment of climac-
teric symptoms. Clinical assessment of the patients was based on three indi-
cators: the menopause index (for hot flushes, nocturnal sweating, nervousness,
headache and palpitations), and the Hamilton Anxiety Rating Scale and self-
assessment depression scale (for psychological symptoms). Patients were
treated with either the extract (40 drops twice daily), conjugated estrogens
(0.625mg daily) or diazepam (2mg daily) for 12 weeks. All three forms of
therapy reduced all three indicators. The extract and conjugated estrogens also
reduced atrophic changes in the vaginal mucosa (26).

In a study without controls, 36 women with climacteric symptoms were
treated with the ethanol extract (40 drops) twice daily for 12 weeks. A sig-
nificant decrease in the average values of the Kupperman index was reported
(P <0.001), and an increase in the values of the Clinical Global Impression scale
was observed (18).

A placebo-controlled clinical trial assessed the efficacy of a rhizome extract
for the treatment of 82 women with climacteric symptoms. In the group treated
with the extract, 31 women reported a considerable decrease in symptoms,
while 10 women with severe climacteric symptoms did not show improve-
ment. In the placebo group, a reduction of symptoms was seen in four women;
symptoms were unchanged in 37 women (79).

In a study without controls, 50 women with climacteric symptoms, who had
received at least one or two intramuscular injections of estradiol valerate (4 mg)
and prasterone enantate (200 mg) during 1-2 months prior to the trial, were treated
with the isopropyl alcohol extract (2 tablets twice daily) for 6 months. The thera-
peuticresults were rated as good to very good in 41 of the patients: during the treat-
ment period 28 required no further injections, 21 patients required one injection
and one patient required two injections. The Kupperman index decreased signifi-
cantly (P <0.001), indicating successful treatment of symptoms (22).

A multicentre, drug-monitoring study without controls of 629 women with
climacteric symptoms assessed the efficacy of the ethanol extract (40 drops
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twice daily) for 8 weeks. Symptoms improved in over 80% of all patients after
6-8 weeks of treatment (24).

A 6-month randomized, double-blind clinical trial compared two different
doses of the isopropyl alcohol extract (40 and 127 mg daily) in 152 women with
climacteric symptoms. A decrease in the Kupperman index was observed after
2 weeks in both treatment groups. Both dosages showed similar levels of effi-
cacy and safety. After 6 months, approximately 90% of patients had responded
to the treatment. No effects on vaginal cytology or the levels of luteinizing
hormone, follicle-stimulating hormone, sex hormone binding-globulin, pro-
lactin and estradiol were observed (21, 41, 42).

A review of eight clinical trials assessed the efficacy of extracts of the crude
drug for the alleviation of climacteric symptoms in women. It concluded that
preparations of the rhizome may be a safe and effective alternative to estrogen
replacement therapy for patients for whom the replacement therapy is con-
traindicated or refused (43).

General gynaecological disorders

Five case studies have described the successful use of a 40% isopropyl alcohol
or 60% ethanol extract of the rhizome in the treatment of a total of 833 women
with gynaecological disorders (e.g. climacteric symptoms) and menstrual dis-
orders (e.g. primary or secondary amenorrhoea, and premenstrual disorders)

(4448).

Contraindications

Owing to its potential estrogenic effects (39) and the lack of data on its safety,
Rhizoma Cimicifugae Racemosae should not be used during pregnancy or
lactation, or in children under the age of 12 years.

Warnings
No information available.

Precautions

Carcinogenesis, mutagenesis, impairment of fertility

A 40% isopropyl alcohol extract of the crude drug was not mutagenic in
the Salmonella/microsome assay using S. typhimurium strains TA98 or TA100
(16).

Pregnancy: teratogenic effects

Intragastric administration of up to 2 g/kg body weight of the crude drug, as a
component of two traditional Chinese medicines, to pregnant rats daily on days
7-17 of gestation was not teratogenic (49, 50). (See also Contraindications.)

Pregnancy: non-teratogenic effects
See Contraindications.
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Nursing mothers

See Contraindications.

Paediatric use

See Contraindications.

Other precautions

No information available on general precautions or precautions concerning drug
interactions or drug and laboratory test interactions.

Adverse reactions
Minor gastrointestinal upset and headache (719, 23-25).

Dosage forms

Crude drug, and isopropyl alcohol or ethanol extracts (16). Store in a well-
closed container, protected from light and moisture.

Posology

(Unless otherwise indicated)
Daily dosage: 40-60% isopropyl alcohol or ethanol extracts of the crude drug
(18-20, 22-26, 37, 42), corresponding to 40mg drug (27).
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Definition

Folium cum Flore Crataegi consists of the dried flower-bearing branches of
Crataegus monogyna Jacq. (Lindm), C. laevigata (Poir.) DC, their hybrids or, more
rarely, other Crataegus species (Rosaceae).'

Synonyms

Crataegus monogyna Jacq. (Lindm): C. apiifolia Medik. non Michx., C. oxyacan-
tha L. ssp. monogyna Lev., Mespilus elegans Poir., M. monogyna All., M. monogyna
Ehrh. (3).

Crataegus laevigata (Poir.) DC: C. oxyacantha L., C. oxyacantha L. ssp. polygala
Lev., C. oxyacanthoides Thuill, Mespilus oxyacantha (Gartn.) Crantz. (1, 3, 4).

Selected vernacular names

Aubeline, aubepine, biancospino, calabrice, calavrice, eenarijlige meidorn, een-
stijlige meidorn, eingriffeliger Weissdorn, Einkern-Weissdorn, épine blanche,
espinero, espino blanco, espino majuelo, galagonya virdgz6 4gvég, hagdorn,
hagedorn, harthorne, haw, hawthorn, hedge thorn, majuelo, may, May thorn,
Mehlbeerbaum, Mehldorn, seiyosanzashi, shanzha, sorkh valik, spina, Stumpf
gelappter Weissdorn, Weissdorn, whitethorn, za bur, zu'rurr el awdiyah,
zweigriffeliger Weissdorn, Zweikern-Weissdorn (7, 3, 5-8).

Geographical distribution

Common to the temperate areas of the northern hemisphere, including eastern
areas of North America, parts of South America, east Asia and Europe (9, 10).

Description

Crataegus monogyna: a thorny shrub; leaves bright green with 3 or 5 acute lobes,
deeper and further apart than those of C. laevigata. Flowers, grouped into

! Fructus Crataegi is included in the European pharmacopoeia (1) and in the pharmacopoeia of
the People’s Republic of China (2). However, clinical and pharmacological data for this plant part
are insufficient to justify monographing at this time.
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branchy corymbs, have 5 triangular sepals, 5 white petals, and an androecium
of 15-20 stamens inserted on the edge of a monocarpellate, brownish-green
receptacle; floral peduncles and sepals pubescent, stamen with black anthers

and 1 style (1, 9).

Crataegus laevigata: a thorny shrub; twigs glabrescent, brown; leaves bright
green, obovate, with 3, 5 or 7 shallow, obtuse lobes. Flowers, grouped into
branchy corymbs, have 5 triangular sepals, 5 white petals, and an androecium
of 15-20 stamens inserted on the edge of a bi- or tricarpellate receptacle; floral
peduncles and sepals glabrous, stamens with red anthers and 2-3 styles; fruits
deep red, globose or ellipsoid (9, 11).

Plant material of interest: dried leaf with flower
General appearance

Crataegus monogyna: leaves bright green with 3 or 5 acute lobes, deeper and
further apart than those of C. laevigata, with secondary venation curved out-
wards. Flowers, grouped into branchy corymbs, have 5 triangular sepals, 5
white petals, and an androecium of 15-20 stamens inserted on the edge of a
monocarpellate, brownish-green receptacle; floral peduncles and sepals pubes-
cent, anthers black with 1 style; sepals lanceolate, acuminate, falling over the
ovary after flowering (7, 9).

Crataegus laevigata: leaves bright green with 3, 5 or 7 shallow, obtuse, con-
verging lobes, with secondary venation curved inward. Flowers, grouped into
branchy corymbs, have 5 triangular sepals, 5 white petals, and an androecium
of 15-20 stamens inserted on the edge of a bi- or tricarpellate receptacle; floral
peduncles and sepals glabrous, stamens with red anthers and 2-3 styles.

Organoleptic properties
Odour: characteristic, faint; taste: slightly bitter-sweet, astringent (12—15).

Microscopic characteristics

Leaf dorsoventral; cells of upper epidermis polygonal, straight-walled with stri-
ated cuticle, those of lower epidermis more sinuous; anomocytic stomata on
lower epidermis only; covering trichomes on both epidermises but more
numerous on the lower, which are long, tapering, unicellular or very occasion-
ally uniseriate with 2 cells, walls moderately thickened; cluster crystals or
groups of small prismatic crystals of calcium oxalate in the cells along the veins.
Epidermis of floral pedicel and receptacle contain abundant covering trichomes
similar to those on the leaf, but longer and more undulating; calyx with numer-
ous anomocytic stomata on the outer epidermis, inner epidermis with a stri-
ated cuticle; epidermal cells of corolla distinctly papillose; fibrous layer of anther
with characteristic thickenings; pollen grains spherical to elliptical, up to 45 pm
in diameter, with 3 germinal pores and faintly granular exine. Epidermal cells
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of stem have thickened anticlinal outer walls; cortex parenchymatous with pris-
matic and cluster crystals of calcium oxalate; dense groups of small, tightly
packed pericyclic fibres with much thickened and lignified walls; xylem com-
pletely lignified, composed of scattered vessels, thick-walled fibres and
parenchyma separated by distinct medullary rays containing brown-coloured
matter; larger vessels with bordered pits, smaller elements with annular or
spiral thickening; central pith parenchymatous and lignified, cells with moder-
ately thickened walls and numerous pits (12, 15).

Powdered plant material

Yellowish-green. Unicellular covering trichomes, usually with a thick wall and
wide lumen, almost straight or slightly curved, pitted at the base; fragments of
leaf epidermis with cells which have sinuous to polygonal anticlinal walls and
large anomocytic stomata surrounded by 4-7 subsidiary cells; parenchymatous
cells of mesophyll containing cluster crystals of calcium oxalate, usually 10—
20pm in diameter; cells associated with veins contain groups of small pris-
matic crystals. Petal fragments showing rounded polygonal epidermal cells,
strongly papillose, thick walls with clearly visible wavy striations in the cuticle;
anther fragments showing endothecium with an arched and regularly thickened
margin. Stem fragments containing collenchymatous cells, bordered, pitted
vessels and groups of lignified sclerenchymatous fibres with narrow lumina.
Numerous spherical to elliptical or triangular pollen grains up to 45um in
diameter, with 3 germinal pores and a faintly granular exine (7).

General identity tests

Macroscopic and microscopic examinations, thin-layer chromatography (7, 7),
and microchemical test for the presence of procyanidins (7).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (16).

Foreign organic matter

Not more than 8% lignified branches with a diameter greater than 2.5mm (1)
and not more than 2% other foreign matter (1, 15).

Total ash
Not more than 10% (7).

Loss on drying
Not more than 10% (7).
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Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (17). For other pesticides, see the European pharmacopoeia (17), and
the WHO guidelines on quality control methods for medicinal plants (76) and
pesticide residues (18).

Other purity tests

Chemical, acid-insoluble ash, sulfated ash, water-soluble extractive and
alcohol-soluble extractive tests to be established in accordance with national
requirements.

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (16).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (76) for the analysis of radioactive isotopes.

Chemical assays

Contains not less than 1.5% of flavonoids, calculated as hyperoside (1), and not
less than 0.6% of flavone C-glycosides, calculated as vitexin (14), determined
by spectrophotometry at 410 and 336 nm, respectively (7). A high-performance
liquid chromatography method is also available (79).

Major chemical constituents

The major constituents are flavonoids (rutin, hyperoside, vitexin, vitexin-2”
rhamnoside, acetylvitexin-2” rhamnoside) and related proanthocyanidins (79,
20). In the inflorescence, flavonol glycosides, mainly in the form of
hyperoside, spiraeoside and rutin, are present. The primary flavonoid
derivatives in the leaves are epi-catechin (epi-catechol) and/or catechin (ca-
techol), and the related procyanidins formed during condensation of 2-8
monomeric units of the above catechins (19-22), together with oligomeric
procyanidins (23). The presence of simple phenolic acids (e.g. chlorogenic and
caffeic acids) has also been reported. Of the non-phenolic constituents, penta-
cyclic triterpenes (e.g. ursolic and oleanolic acids) and the 2-a-hydroxy deriva-
tive of oleanolic acid, known as crataegolic acid, are among the characteristic
components (4). The structures of the characteristic constituents are presented
below.
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Medicinal uses
Uses supported by clinical data

Treatment of chronic congestive heart failure stage II, as defined by the New
York Heart Association (24-34).

Uses described in pharmacopoeias and in traditional systems
of medicine
Support of cardiac and circulatory functions (35).

Uses described in folk medicine, not supported by experimental
or clinical data

As an antispasmodic agent in the treatment of asthma, diarrhoea, gall bladder
disease and uterine contractions, and as a sedative for the treatment of
insomnia (5).

Pharmacology
Experimental pharmacology
Inotropic effects

Positive inotropic effects of Folium cum Flore Crataegi and its constituents have
been demonstrated both in vitro and in vivo. These effects are generally attrib-
uted to the flavonoid and procyanidin constituents of the leaves with flowers
(3, 36-38). A hydroalcoholic extract of the flowers with leaves, flavonoid and
procyanidin fractions of the extract, and isolated constituents (e.g. biogenic
amines, crataegolic acid, epi-catechin, hyperoside, luteolin 7-glucoside, rutin
and vitexin) all have positive inotropic effects, and prolong the refractory period
in cardiac myocytes, isolated papillary muscles and isolated guinea-pig hearts
(36—48). In isolated guinea-pig hearts perfused at constant pressure, 3ug/ml of
a standardized extract increased the contractility of the heart by 9.5% (40).
In isolated, electrically stimulated strips of failing human left ventricular
myocardium, a standardized extract (18.75% oligomeric procyanidins)
increased the force of contraction at concentrations higher than 10ug/ml; a
100 ug/ml extract improved the force—frequency relationship (39). A standard-
ized extract of the leaves and flowers increased the contractility of myocardial
cells by 153%, at a concentration of 120 ug/ml (44). An aqueous extract of the
leaves with flowers, two proanthocyanidin fractions and two flavonoid frac-
tions of the extract dilated coronary blood vessels, and had positive inotropic
effects on isolated guinea-pig hearts (extract or fraction: 0.05 mg/ml) (47).

Chronotropic effects

Intragastric administration of a macerate or fluidextract of the shoots, flowers
or leaves to rats (12.5-25.0mg/kg body weight) significantly inhibited arrhyth-
mias induced by aconitine, calcium chloride or chloroform/epinephrine
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(P <0.05) (49, 50). The extracts also reduced blood pressure in rats at the same
dosage (49, 50). Aconitine-induced arrythmias were also inhibited after intra-
venous administration of a 95% ethanol extract of the bark and leaves
(50mg/kg body weight) to rabbits (57). Intravenous administration of a
flavonoid-enriched extract of the leaves and flowers to rabbits (20 mg/kg body
weight) or rats (2mg/kg body weight) inhibited barium chloride-induced
arthythmias (52, 53). Intravenous administration of a standardized extract
(containing 18.75% oligomeric procyanidins) to anaesthetized dogs (7.5-
30.0mg/kg body weight) increased maximum left ventricular contraction
velocity by 16.8-31.1% (54).

An aqueous extract improved cardiac performance during reperfusion,
reduced lactate levels and accelerated energy metabolism in reperfused
ischaemic rat heart. No increase in coronary blood flow was observed (55).
Intragastric administration of single doses of a standardized extract (containing
18.75% oligomeric procyanidins) of the leaves with flowers (100 mg/kg body
weight) or an oligomeric procyanidin-enriched fraction (20 mg/kg body weight)
daily to rats protected against perfusion-induced arrhythmias, hypotensive
crisis and mortality (56, 57). The oligomeric procyanidin-enriched fraction
did not decrease the reperfusion-induced elevation of creatine kinase plasma
levels (57). Administration of powdered leaves and flowers to rats (2% of diet)
reduced the release of lactate dehydrogenase after perfusion-induced heart
ischemia (58).

Effect on coronary blood flow

Intragastric administration of an oligomeric procyanidin fraction of a stan-
dardized leaf and flower extract to dogs at a dose of 12-70mg/kg body weight,
three times daily for 60 days, increased myocardial blood flow (59, 60). Intra-
venous injection of an aqueous or 95% ethanol extract of the flowers increased
coronary blood flow and cardiac output, and decreased peripheral resistance in
both dogs and guinea-pigs (67-63). Administration of a flavonoid-enriched
extract to cats and rabbits increased coronary blood flow by 48% and 163%,
respectively, and reduced pituitrin-induced coronary insufficiency in rabbits
(52). Intravenous administration of a leaf with flower extract to cats (10mg/kg
body weight) or rabbits (20 mg/kg body weight) dilated coronary blood vessels,
and improved coronary blood flow (53).

Effect on action potential

A leaf preparation (10 mg/l) prolonged the duration of the action potential and
delayed the recovery of V., in isolated guinea-pig papillary muscle (42). The
electrophysiological correlation between the increase in the contraction ampli-
tude of isolated canine papillary muscles, and vasodilation in isolated human
coronary arteries, was measured after application of an extract of the leaves
with flowers. The cardiac action potential significantly increased in duration
and overshoot, and maximal depolarization (P < 0.001). Hyperpolarization of
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the resting membrane of normal and arteriosclerotic vascular smooth muscle
cells of the human coronary artery was observed after treatment with fla-
vonoids isolated from the extract (0.1 and 100 umol/l). The isometric wall ten-
sion decreased in both normal and arteriosclerotic vessels. The increase of
peak-to-plateau repolarization in cardiac action potential and hyperpolarization
of vascular smooth muscle suggest that the extract acts as a potassium channel
agonist (64, 65).

Antihypertensive effects

In various animal models, a decrease in peripheral vascular resistance and
hypertension occurred after treatment with leaf and/or flower extracts (50, 54,
66—69). Intravenous administration of a standardized fluidextract of the leaves
with flowers (equivalent to 6mg of procyanidins/kg body weight) to anaes-
thetized normotensive dogs decreased norepinephrine-induced elevation of
blood pressure. The extract (equivalent to 0.03mg procyanidins/ml) also had
B-blocking activity and inhibited epinephrine-induced tachycardia in isolated
frog hearts (69). Hyperoside, isolated from an extract of the leaves and flowers,
administered either intravenously at a dose of 1 mg/kg body weight or by in-
fusion at 0.1 mg/kg body weight/min for 30 min, decreased blood pressure in
anaesthetized dogs (68). Intravenous administration of an aqueous extract of
the leaves (average dose 31 mg/kg body weight) decreased the systolic, dias-
tolic and mean blood pressure in normotensive anaesthetized rats (66). Acute
or chronic intragastric administration of a fluidextract or a glycerol/ethanol
extract reduced arterial blood pressure in normotensive rats and in rats with
desoxycorticosterone acetate-induced hypertension (50). Intragastric adminis-
tration of a standardized extract (300 mg/kg body weight daily) decreased blood
pressure by 9mmHg (1.20kPa) (67). Intravenous administration of a standard-
ized extract (containing 18.75% oligomeric procyanidins) to anaesthetized rats
(30 mg/kg body weight) or dogs (15 mg/kg body weight) decreased total periph-
eral resistance and arterial blood pressure (54).

Anti-inflammatory effects

Both free radical production and lipid peroxidation are involved in various
pathological processes, including cardiac ischaemia. As determined by in vitro
studies, Folium cum Flore Crataegi has free radical scavenging and antioxidant
activities. A standardized extract (containing 18.75% oligomeric procyanidins)
and an oligomeric procyanidin-fraction of the extract inhibited lipid peroxida-
tion (ICsp 0.48 ug/ml (extract), 0.3 ug/ml (fraction)), and the activity of human
neutrophil elastase (ICsp 4.75 pg/ml (extract), 0.84pg/ml (fraction)) (56). A 70%
methanol extract of the flower buds inhibited lipid peroxidation in rat liver
microsomes (ICsy 23 mg/l) (70, 71). Both phenolic and flavonoid-enriched frac-
tions of extracts of the leaves and flowers had antioxidant activity in vitro

(70-72).
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Effect on signal transduction

An aqueous or methanol extract of the leaves with flowers, as well as hyper-
oside, vitexin and vitexin rhamnoside, inhibited the activity of cyclic AMP-
dependent phosphodiesterase isolated from guinea-pig or rat heart (73, 74).
Both luteolin 7-glucoside and rutin were also active (75). Hydroalcoholic
extracts of the flowers and flower heads inhibited the formation of thrombox-
ane A, and prostaglandin I, in rabbit cardiac tissues in vitro, thus indicating an
anti-inflammatory effect of the extracts (76, 77). A standardized extract (con-
taining 18.75% oligomeric procyanidins) displaced °H-ouabain bound to
sodium- and potassium-activated adenosine triphosphatase (39).

Anticontractile effects

An aqueous extract of the flowers inhibited barium chloride-induced contrac-
tions in rabbit intestine in vitro (78). A flavonoid-enriched extract of the leaves
with flowers inhibited both histamine- and nicotine-induced contractions in
rabbit intestine in vitro and partially inhibited contractions induced by barium
chloride, acetylcholine or serotonin (EDs, 0.02 mg/ml) (52). Intravenous admin-
istration of a flavonoid-enriched extract of the leaves with flowers to cats
(20mg/kg body weight) inhibited contractions in intestinal smooth muscle, and
intraperitoneal injection (400 mg/kg body weight) inhibited acetic acid-induced
writhing in mice (52).

Sedative effects

Sedative effects have been observed in various animal models after intragastric
administration of leaf with flower extracts (79, 80). A 60% ethanol extract of
the flowers increased hexobarbital-induced sleeping times, and decreased spon-
taneous motility and exploratory behaviour in female mice (800 mg/kg body
weight) (80).

Diuretic effects

A flavonoid-enriched fraction of a flower extract had diuretic activity in dogs
(50mg/kg body weight) (87).

Toxicology

Single-dose toxicity studies have demonstrated that rats and mice tolerate
3g/kg body weight, by gastric lavage, of a standardized hydroalcoholic extract
of the leaves with flowers (containing 18.75% oligomeric procyanidins)
without any clinical symptoms of toxicity. The intraperitoneal median
lethal dose (LDs) was 1.17 g/kg body weight in rats and 750 mg/kg body weight
in mice. No toxic effects were observed in a repeat-dose toxicity study in which
rats and dogs were given a standardized extract (containing 18.75% oligomeric
procyanidins) at doses of 30, 90 and 300 mg/kg body weight daily by the intra-
gastric route for 26 weeks (82).
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Clinical pharmacology
Cardiac insufficiency

Review of the pharmacological and clinical data indicates that standardized
extracts of Folium cum Flore Crataegi increase myocardial performance,
improve myocardial circulatory perfusion and tolerance in cases of oxygen defi-
ciency, have antiarthythmic effects and reduce afterload (29). Positive thera-
peutic effects of Folium cum Flore Crataegi in patients with characteristic
symptoms of an activated sympathoadrenergic system, such as hypertension,
tachycardia and arrthythmia (also characteristic of cardiac insufficiency stage II,
as defined by the New York Heart Association (25-34)), have also been demon-
strated (30). Furthermore, numerous clinical trials with and without controls
have assessed the therapeutic efficacy of Folium cum Flore Crataegi extracts for
the treatment of cardiac insufficiency stage II (25-34). The investigations were
performed with a dried 70% methanol or 45% ethanol standardized extract
(containing 2.2% flavonoids or 18.75% oligomeric procyanidins, respectively)
of the leaves with flowers (30). The dosage ranged from 160 to 900 mg extract
daily for 4-8 weeks. Evaluation of efficacy of the extracts was based on the fol-
lowing criteria: anaerobic threshold (27); Clinical Global Impression Scale (37,
32); exercise tolerance (25, 26, 28, 31, 32, 34); ventricular ejection fraction (26,
33); quality of life and improvement of subjective symptoms (defined by the
New York Heart Association) (26-28, 31-34) and pressure/rate product (26, 28,
31, 32, 34). Although improvements were seen, no long-term trials have
assessed the effects of Folium Cum Flore Crataegi on mortality rates in patients
with chronic congestive heart failure.

Exercise tolerance

A randomized, double-blind, placebo-controlled trial assessed the efficacy of
the extract containing 2.2% flavonoids on exercise-induced anaerobic thresh-
old, as measured by spiroergometry, in 72 patients. Patients were administered
an oral dose of 900mg extract or placebo daily for 8 weeks. After treatment,
oxygen uptake increased significantly in the treated group (P < 0.05), and exer-
cise time to anaerobic threshold increased by 30 seconds in the treated group,
but by only 2 seconds in the placebo group. Significant improvements in sub-
jective symptoms were also noted in the treated group, as compared with the
placebo group (P < 0.01) (27).

The efficacy of the extract containing 2.2% flavonoids on the improvement
of exercise tolerance was assessed by bicycle ergometry in patients with cardiac
insufficiency stage II, in three clinical trials. In a double-blind, placebo-
controlled trial of 85 patients, oral administration of 300mg extract daily for
4-8 weeks improved working capacity; however, the difference was not sig-
nificant when compared with the placebo (25). A double-blind, placebo-
controlled trial assessed the efficacy of oral administration of 600mg extract
daily for 8 weeks in 78 patients. Patients in the treatment group had a signifi-
cant improvement in exercise tolerance as compared with the placebo group
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(P < 0.001). Patients who received the extract also had lower blood pressure
and heart rate during exercise, and had fewer overall symptoms, such as dys-
pnoea and fatigue (37). In the third trial, 132 patients were treated orally with
900mg extract or 37.5mg captopril daily for 8 weeks in a double-blind com-
parative study. Exercise tolerance, measured after 56 days of treatment,
improved significantly in both groups (P < 0.001). In addition, the pressure/rate
product was reduced, and the incidence and severity of symptoms such as dys-
pnoea and fatigue decreased by approximately 50% (32).

Pressure/rate product

Two double-blind, placebo-controlled trials assessed the efficacy of the ex-
tract containing 18.75% oligomeric procyanidins in a total of 156 patients with
stage II cardiac insufficiency. Patients were treated orally with 160mg extract
or placebo daily for 8 weeks. The main parameters measured were the
pressure/rate product using a bicycle ergometer, and the score of subjec-
tive symptom status. Patients treated with the extract exhibited a signifi-
cant improvement in exercise tolerance, as compared with the placebo group
(P < 0.05), and also a decrease in subjective complaints (28, 34). In addition, a
slight reduction in the systolic and diastolic blood pressure was noted in both
groups (28).

Ventricular ejection fraction

In a trial without controls involving seven patients with stages II and III cardiac
insufficiency, with an angiographically determined left ventricular ejection frac-
tion of less than 55% over a period of 4 weeks, oral administration of 240 mg
extract containing 18.75% oligomeric procyanidins daily for 4 weeks increased
the ventricular ejection fraction from 29.80 to 40.45%, as measured by angio-
graphy. Symptomatic complaints (Complaint List as defined by von Zerssen)
also showed improvements (33). The effects of the extract containing 18.75%
oligomeric procyanidins on haemodynamics were also investigated by radio-
nuclide angiocardiography in a study without controls. Twenty patients with
stage II cardiac insufficiency, with an angiographically determined left ventric-
ular ejection fraction of less than 55% over a period of 4 weeks, were treated
with 480 mg extract. After treatment, the ejection fraction increased from 40.18
to 43.50% at rest, and from 41.51 to 46.56% under exercise conditions. Ergo-
metric tolerance to exercise improved, blood pressure decreased and subjective
complaints were reduced (26).

Pharmacokinetics

Absorption of a C-labelled oligomeric procyanidin fraction of standardized
extracts of leaves with flowers was measured in mice after intragastric admin-
istration (0.6 mg). The results demonstrated that 20-30% of the total fraction,
40-81% of the trimeric procyanidins and 16-42% of the oligomeric procyani-
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dins were absorbed within 1-7 hours after administration. After 7 hours, 0.6%
of the radioactivity of the total fraction was eliminated by expiration and 6.4%
was eliminated in the urine. Daily intragastric administration of 0.6mg of a
radiolabelled oligomeric procyanidin fraction to mice for 7 days led to an accu-
mulation of radioactivity that was 2-3 times that in mice given a single dose
(83).

Contraindications
None (84).

Warnings

Accurate diagnosis of stage II congestive heart failure should be obtained prior
to use of Folium cum Flore Crataegi. Consult a physician if symptoms worsen,
remain unchanged for longer than 6 weeks, or if water accumulates in the legs.
Medical attention is absolutely necessary if pain occurs in the region of the
heart, spreading out to the arms, upper abdomen or neck area, or in cases of
respiratory distress (e.g. dyspnoea) (84).

Precautions
Drug interactions
None (84).

Drug and laboratory test interactions

No effects in laboratory tests (i.e. serum levels of sodium chloride, potassium
chloride, calcium chloride, serum glutamate oxaloacetate transaminase, serum
glutamate pyruvate transaminase, y-glutamyl transpeptidase, total bilirubin,
cholesterol and creatinin, and blood glucose levels) were observed (34).

Carcinogenesis, mutagenesis, impairment of fertility

A standardized extract of Folium cum Flore Crataegi (containing 18.75%
oligomeric procyanidins) was not mutagenic or clastogenic in the Salmo-
nella/microsome assay, mouse lymphoma test, cytogenetic analysis in cultured
human lymphocytes or in the mouse bone marrow micronucleus test (82). A
fluidextract was moderately active in the Salmonella/microsome assay in S.
typhimurium strain TA98 only after metabolic activation. The mutagenic activ-
ity appeared to be due to the quercetin content of the extract; however, the
amount of quercetin ingested in a normal daily diet is higher than would be
obtained from the extract (85). Intragastric administration of up to 1.6 g/kg body
weight had no effect on the fertility of female and male rats or the F; genera-
tion (86).
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Pregnancy: teratogenic effects

Intragastric administration of up to 1.6g/kg body weight of a standardized
extract of Folium cum Flore Crataegi to rats and rabbits was not teratogenic

(86).

Pregnancy: non-teratogenic effects

No peri- or postnatal toxicity was observed in rats treated intragastrically with
a standardized extract of Folium cum Flore Crataegi (1.6 g/kg body weight) (86).

Other precautions

No information available on general precautions or precautions concerning
nursing mothers or paediatric use. Therefore, Folium cum Flore Crataegi should
not be administered during lactation or to children without medical supervision.

Adverse reactions
None (84).

Dosage forms

Crude drug for infusion and hydroalcoholic extracts (35). Store in a well-closed
container, protected from light and moisture (7).

Posology

(Unless otherwise indicated)

Daily dosage: 160-900mg dried 45% ethanol or 70% methanol extract (drug:
extract ratio 4-7:1) standardized to contain 18.75% oligomeric procyanidins
(calculated as epi-catechin) or 2.2% flavonoids (calculated as hyperoside),
respectively (26-29, 31-34, 84); 1.0-1.5g comminuted crude drug as an infu-
sion 3-4 times daily (35). Therapeutic effects may require 4-6 weeks of
continuous therapy (84).
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Radix Eleutherococci

Definition

Radix Eleutherococci consists of the dried roots and rhizomes of Eleutherococ-
cus senticosus (Rupr. and Maxim.) Maxim. (Araliaceae) (1-3)."

Synonyms

Acanthopanax senticosus (Rupr. et Maxim.) Harms., Hedera senticosa (1, 4, 6).

Selected vernacular names

Buisson du diable, chi wu cha, ciwujia, devil’s bush, devil’s shrub, eleuthero,
eleutherococc, eleutherococoque, eleutherokokk koljucij, ezoukogi, gashi
ohgap, hongmao-wujiapi, many prickle acanthopanax, pai wu cha pi,
prickly eleutherococc, prickly eleutherococcus, shigoka, Siberian ginseng,
Stachelkraftwurz, Stachelpanax, taiga root, Taigawurzel, thorny ginseng,
thorny Russian pepperbush, touch-me-not, tsu wu cha, wild pepper, wu
cha sang, wu cha seng, wu jia pi (2, 7).

Geographical distribution

Indigenous to south-east Asia, northern China, the Democratic People’s
Republic of Korea, Japan and the south-eastern part of the Russian Federation

4, 5).

Description

A prickly shrub, up to 4-6m high, usually with several mostly unbranched
stems; oldest stems may be unarmed, while the youngest are densely covered
with flexible prickles. Palmate leaves, on long, often reddish stalks, usually com-
posed of 5 elliptical leaflets with serrate margins. Flowers small, polygamous,
occurring toward the tips of stems in single or paired umbels that have long
peduncles. Floral parts are in groups of 5, including the epigynous ovary
surrounded by a nectar-secreting disc. Fruit, a drupe, contains the same number
of kernels as carpels. Flower and fruit resemble those of ivy (Hedera helix) (8).

' A 33% ethanol extract of Radix Eleutherococci is listed as Extractum Radicis et Rhizomatis
Eleutherococcus in the Russian Pharmacopoeia (4, 5).
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Plant material of interest: dried roots and rhizomes

Roots from the unrelated plant Periploca sepium Bunge (Asclepiadaceae)
(Chinese silk vine) have been surreptitiously used as a substitute for Radix
Eleutherococci in commerce. To a lesser extent, roots from the related Acan-
thopanax species and Kalopanax septemlobus (Thunb.) Koidz. (Araliaceae) have
also been so used (9, 10).

General appearance

Roots: cylindrical, up to 0.5cm in diameter, straight, occasionally branched,
dark brown, smooth surface with bark adhering closely to the xylem. Rhi-
zomes: up to 4cm thick, pale brown, longitudinally wrinkled, showing root
scars and traces of aerial stems; fracture somewhat fibrous; fractured surface
pale yellow (7).

Organoleptic properties

Odour: faint, aromatic; taste: bitter, acrid, persistent (7).

Microscopic characteristics

Roots: rows (5-7) of brown cork cells; secondary phloem containing secretory
canals in groups of 4 or 5, up to 20um in diameter, with brown contents;
phloem fibres with thick, lignified walls occurring singly or in small groups;
cluster crystals of calcium oxalate in phloem parenchyma; parenchymatous
cells surrounding secretory cells and the medullary ray cells containing small
starch grains; xylem of reticulate and bordered, pitted vessels. Rhizomes:
similar to the roots except for larger secretory canals, up to 25 um in diameter,
and presence of parenchymatous pith containing starch grains ().

Powdered plant material

Yellowish; numerous groups of thick-walled, lignified fibres; fragments of retic-
ulate and bordered, pitted vessels with a wide lumen; groups of secretory
canals, up to 20um in diameter, with brown contents; parenchymatous cells
containing cluster crystals of calcium oxalate 10-50um in diameter; small
starch grains, rounded to slightly angular in outline, single or in groups of
2 or 3 (3).

General identity tests

Macroscopic and microscopic examinations (7-3), thin-layer chromatography
(2, 3) and high-performance liquid chromatography (11-13).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (14).
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Foreign organic matter

Not more than 3% (3). Must be free of Periploca sepium and other foreign plant
materials.

Total ash
Not more than 6% (7).

Acid-insoluble ash
Not more than 1.5% (7).

Water-soluble extractive
Not less than 4% (1).

Alcohol-soluble extractive
Not less than 6% using 75% ethanol (3).

Loss on drying
Not more than 10% (3).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (15). For other pesticides, see the European pharmacopoeia (15), and
the WHO guidelines on quality control methods for medicinal plants (74) and
pesticide residues (76).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (14).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (74) for the analysis of radioactive isotopes.

Other purity tests

Chemical tests to be established in accordance with national requirements.

Chemical assays

Several methods based on high-performance liquid chromatography are avail-
able for quantitative determination of syringaresinol-diglucoside (eleutheroside
E) and syringin (eleutheroside B) (711-13).

85



WHO monographs on selected medicinal plants

Major chemical constituents

The constituents responsible for the characteristic biological effects of
Radix Eleutherococci appear to be a complex mixture of phenylpropane deri-
vatives of diverse structure, and various sugar polymers (4, 6, 11). The princi-
pal components of the former group are the lignans, (+)-sesamin (eleutheroside
B,), (+)-syringaresinol and its monoglucoside (eleutheroside E;) and digluco-
side (eleutherosides D and E); the simple phenylpropanes, syringenin and
its monoglucoside (eleutheroside B); and the coumarins isofraxidin and
its monoglucoside (eleutheroside B;). An immunostimulant polysaccha-
ride complex and a glycan series (eleutherans A-G) have also been isolated
from the drug (77). B-Sitosterol and daucosterol (eleutheroside A) are the major
sterols. Eleutheroside E has been found in all samples regardless of geographi-
cal origin, whereas eleutheroside B is present in all samples, except those from
plants grown in the Democratic People’s Republic of Korea (11, 12). The struc-
tures of the representative constituents are presented below:.

OCH3
H;CO
(+)-syringaresinol R=H
Gle ~0 eleutheroside E;, R =Glc
eleutheroside D
OCH3 1-epi = eleutheroside E
H3CO OCH
3 \/\OH 3 HO.
R _0O o} (0]
0 | °
R OCH, HaCO Z gGle =
HO
syringenin R=H isofraxidin R=H OH
eleutheroside B R = Glc eleutheroside B; R = Glc B-p-glucopyranosyl
HaC, M CHg HO
CH3 HO O,
OH
H . OVCHS
OH
(ID daucosterol R = Glc
R B-sitosterol R=H eleutheroside C
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Medicinal uses
Uses supported by clinical data

As a prophylactic and restorative tonic for enhancement of mental and physi-
cal capacities in cases of weakness, exhaustion and tiredness, and during con-
valescence (4, 18-20).

Uses described in pharmacopoeias and in traditional systems
of medicine

Treatment of rheumatoid arthritis, insomnia and dream-disturbed sleep (2).

Uses described in folk medicine, not supported by experimental
or clinical data

As a carminative in the treatment of acute and chronic gastritis, as a diuretic,
to treat impotence and to regulate blood pressure (7).

Pharmacology
Experimental pharmacology
Adaptogenic/antistress activity

The mechanism of the antistress or adaptogenic activities of Radix Eleuthero-
cocci appears to be threefold. Extracts of the roots have an adaptogenic effect
that produces a non-specific increase in the body’s defence against exogenous
stress factors and noxious chemicals (4, 27, 22). The roots also stimulate the
immune system, and promote an overall improvement in physical and mental
performance (4).

Numerous in vivo studies have demonstrated the pharmacological activity
of a 33% ethanol extract of the roots in a variety of animal models (4, 23-29).
Most of these investigations were designed to analyse the adaptogenic response
to a variety of adverse conditions (stress, immobilization or chemical challenge)
(4, 24, 25, 28, 30). An increase in the resistance of rats to the toxic effects of
noxious chemicals such as alloxan, cyclophosphan, ethymidine and benzo-tepa
was observed after oral administration of a 33% ethanol extract of the roots
(1-5ml/kg body weight) (24, 25, 28). Intragastric administration of a 33%
ethanol extract of the roots to mice (10ml/kg body weight) decreased the tox-
icity of diethylglycolic acid, but did not reduce the severity of electroshock-
induced convulsions (37). Administration of a 10% decoction of the roots to
frogs’ ventral lymph sac (0.1 ml) protected them against injection of lethal doses
of cardiac glycosides (32). Intragastric administration of a 33% ethanol extract
of the roots (1.0ml/kg body weight) daily for 21-23 days increased the resis-
tance of rats to the toxic effects of alloxan, but did not lower alloxan-induced
hyperglycaemia (33). Intragastric administration of a freeze-dried extract of the
roots (80 or 320mg/kg body weight) daily for 3 days decreased blood glucose
levels of mice by 35% and 60%, respectively, compared with placebo treat-
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ment (34). Reduction of blood glucose levels may be due partially to enhanced
synthesis of glycogen and high-energy phosphate compounds (35).

Investigations to elucidate the adaptogenic effect on the lymphatic system
assessed the ability of root extracts to inhibit cortisone-induced weight
decreases of the thymus and spleen in rats (4). Intraperitoneal administration
of a 33% ethanol extract of the roots (1.0ml/kg body weight) daily for 8 days
prevented a decrease in spleen and thymus weight due to cortisone ad-
ministration (22). A 33% ethanol root extract had normalizing effects on
experimentally induced hypothermia when administered intragastrically to rats
and mice (0.1 or 1.0ml/kg body weight) daily for 12-14 days (36). Intragastric
administration of a 33% ethanol extract of the roots to rats and mice normal-
ized experimentally induced hypothermia, and acted as a sedative (37).

Intragastric administration of an aqueous extract of the roots to mice
(500mg/kg body weight) decreased stress-induced enlargement of the adrenal
gland, normalized a decrease in rectal temperature due to chronic stress, and
enhanced sexual behaviour (26). Intragastric administration of an aqueous
extract of the roots (500mg/kg body weight) daily for 15 days prolonged the
swimming times of rats (38). Intragastric administration of an aqueous or
butanol extract of the roots to rats (500 mg/kg body weight) suppressed gastric
ulcer formation induced by stress (immersion in cold water) (39). Intragastric
administration of an aqueous extract of the roots (500mg/kg body weight) to
rats suppressed the decrease in locomotor activity induced by exposure to light,
indicating a reduction in the anxiety levels of the animals (40).

The antistress or adaptogenic effects of Radix Eleutherococci are produced
through metabolic regulation of energy, nucleic acids and proteins of the
tissues. Under stress, a B-lipoprotein—glucocorticoid complex is generated in the
blood. This complex inhibits permeation of cell membranes by sugars and also
inhibits hexokinase activity in vivo and in vitro (4). The root extracts increase
the formation of glucose-6-phosphate, which in turn decreases the competition
between the different pathways of its utilization. In animal tissues deficient
in ATE, glucose-6-phosphate is oxidized via the pentose phosphate pathway,
yielding substrates for the biosynthesis of nucleic acids and proteins (4). The
constituents syringin (eleutheroside B) and (-)-syringaresinol-4,4’-O-B-D-
diglucoside (eleutheroside E) are thought to be responsible for the adaptogenic
activity (21). Intraperitoneal administration of total eleutherosides isolated from
the roots to rats (5.0mg/kg body weight) partially reversed the decrease in the
levels of muscle ATP, glycogen, creatine phosphate, lactic acid and pyruvic acid
induced by 2 hours of swimming. The same treatment also increased the work
capacity of mice (41). Intraperitoneal administration of total eleutherosides to
rats (15mg/kg body weight), 1 hour prior to 15 minutes of forced swimming,
delayed the inhibition of RNA polymerase. The same treatment also increased
the activity of this enzyme during rest periods (42). Intragastric administration
of a butanol extract of the roots to mice (170 mg/kg body weight, daily, 6 days
a week for 6 weeks) enhanced the activities of oxidative enzymes and super-
oxide dismutase in skeletal muscle, resulting in improved aerobic metabolic
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rates (43). Intragastric administration of an aqueous extract of the roots to mice
(170 mg/kg body weight, daily for 9 weeks) increased the activity of succinate
dehydrogenase and malate dehydrogenase in skeletal muscle (44).

Intraperitoneal administration of an aqueous root extract to mice (40—
320mg/kg body weight) increased sleeping times up to 228% compared to con-
trols treated with hexobarbital, and decreased sleep latency when given in con-
junction with hexobarbital (45).

Intraperitoneal administration of an aqueous extract of the roots to rats
(3mg/kg body weight) caused a significant increase in corticosterone levels
3 hours after injection, whereas adrenocorticotropic hormone levels remained
unchanged (40). Intraperitoneal administration of a fluidextract of the roots
(1.0ml/kg body weight) increased anabolic activity in male rats (46). Oral
administration of a glycoside fraction isolated from an ethanol root extract to
rats (5.0mg/kg body weight) increased the body weight and RNA content of
the prostate and seminal vesicles, and inhibited atrophy of the prostate and
seminal vesicles in castrated animals (47). A 30% ethanol extract of the roots
was shown to bind in vitro to the estrogen receptor in rat uterus, and the gluco-
corticoid and mineralocorticoid receptors in rat kidney, but not to the andro-
gen receptor in rat kidney (48).

Antimicrobial activity

Parenteral administration of a 33% ethanol extract of the roots (dose not speci-
fied) increased the resistance of mice and rabbits to listeriosis when adminis-
tered for 15 days prior to infection (49, 50). However, administration of the
extract simultaneously with the bacteria increased the severity of the infection
(49). Intragastric administration of the same extract (1 ml daily) for 15 days
stimulated specific antiviral immunity in guinea-pigs and mice (51). A poly-
saccharide fraction of the roots (0.01mg/ml) increased the activities of
lymphokine-activated killer (LAK) cells and enhanced the activities of inter-
leukin 2-stimulated LAK cells in vitro (52). A 95% ethanol extract of the roots
(1 ml daily) increased phagocytosis of Candida albicans by human granulocytes
and monocytes in vitro by 30-45% (53). Intraperitoneal administration of a
polysaccharide fraction isolated from an aqueous root extract (10 mg/kg body
weight) had immunostimulant activity in mice, as demonstrated by the col-
loidal carbon clearance test (17). A pyrogen-free polysaccharide fraction of the
roots stimulated lymphocyte phagocytosis and T-cell-dependent functions of
B-cells in vitro, as determined by plaque-forming cell stimulation assays and
the production of anti-bovine serum albumin antibodies. Intraperitoneal
administration of the same polysaccharide fraction to mice (100mg/kg body
weight daily for 7 days) significantly increased plaque-forming cell counts, anti-
bovine serum albumin antibody levels and the phagocytic activity of lympho-
cytes (54). Intraperitoneal administration of a polysaccharide fraction of an
aqueous extract of the roots to mice (125mg/kg body weight) markedly
increased the serum levels of anti-bovine serum albumin IgA and total anti-
bovine serum albumin immunoglobulins, but not total IgA (55).
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Inhibition of platelet aggregation

A 100% methanol extract of the root inhibited ADP-induced platelet aggrega-
tion in blood samples from rats and humans in vitro (56).

Clinical pharmacology
Adaptogenic/antistress activity

Numerous clinical studies, designed to measure the adaptogenic effects of
Radix Eleutherococci, were performed in Russia during the 1960s and 1970s
(reviewed in Farnsworth et al., 1985 [4]). In 35 clinical trials without controls,
involving over 2100 healthy subjects (4-1000 per study), oral administration of
a 33% ethanol root extract (2.0-20.0ml, daily for up to 60 days) improved phys-
ical and mental work performance under stress conditions, and reduced audi-
tory disorders and the incidence of illness (4, 30).

In another 35 clinical trials without controls, the effects of a 33% ethanol
extract of the roots were assessed in 2200 patients (5—1200 per study) with
various disorders, such as arteriosclerosis, acute pyelonephritis, diabetes,
hypertension, hypotension, chronic bronchitis and rheumatic heart disease.
Patients received 0.5-6.0 ml extract orally 1-3 times daily for up to eight courses
of 35 days each, each course being separated by 2-3 weeks without treatment.
The overall results were generally positive: for example, blood pressure was
normalized, serum prothrombin and cholesterol levels were reduced, and
overall well-being and physical work performance improved (4). It should be
noted, however, that these trials lacked good methodology (for example, they
used only a small number of patients, lacked proper controls and randomiza-
tion, and were not double-blind).

A single-blind, placebo-controlled clinical trial in six baseball players
assessed the effects of a 33% ethanol root extract on maximal work capacity.
Three maximal work tests using a bicycle ergometer were performed on 3 con-
secutive days prior to treatment, and two tests were carried out after treatment
with either 2ml extract (containing 0.58mg syringin (eleutheroside B) and
0.12mg syringaresinol-4,-4’-O-B-diglucoside (identified here as eleutheroside
D)) or placebo orally twice daily for 8 days. After each work test, maximal
oxygen uptake, oxygen pulse, total work time and exhaustion time were mea-
sured. A significant improvement in all four parameters was observed in sub-
jects treated with the extract (P < 0.01), including a 23.3% increase in total work
time as compared with only a 7.5% increase following placebo treatment (78).
A randomized, double-blind, placebo-controlled study measured the effect of
an ethanol extract of the roots (standardized to contain 0.2% w/v syringin) on
the immune system, using quantitative multiparameter flow cytometry with
monoclonal antibodies directed against specific surface markers of human lym-
phocyte subsets to determine cellular immune status. Thirty-six healthy sub-
jects were treated orally with either 10ml extract or placebo three times daily
for 4 weeks. Subjects treated with the extract had a significant increase in the
total number of immunocompetent cells (P < 0.0001), including lymphocytes
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(predominantly T-cells, T-helper/inducer cells and natural killer cells). A signifi-
cant increase in activated T-cells was also observed (P < 0.01) (19). A random-
ized, double-blind, placebo-controlled study examined the effect of the crude
drug on submaximal and maximal exercise performance. Twenty highly trained
distance runners received either a 30-34% ethanol extract of the roots (3.4 ml)
or placebo daily for 8 weeks, during which they completed five trials of both
10 minute and maximal treadmill tests. Heart rate, oxygen consumption,
expired minute volume, ventilatory equivalent for oxygen, respiratory
exchange ratio and rating of perceived exertion were measured during both
tests. Serum lactate levels were analysed in blood samples. No significant dif-
ferences were observed in any of the measured parameters between the
placebo and treatment groups (57). A randomized, placebo-controlled,
crossover study of 30 healthy volunteers compared the effects of Radix Eleuthe-
rococci, Panax ginseng and placebo on maximal oxygen uptake, using a bicycle
ergometer. After 6 weeks of treatment, maximal oxygen uptake increased sig-
nificantly only in subjects who had received P. ginseng (58). A comparative study
assessed the ability of tinctures of Radix Eleutherococci and Leuzea carthamoides
(containing eleutherosides and ecdysones, respectively) to decrease blood co-
agulation in highly trained athletes. Athletes treated with a 20-day course of
the Radix Eleutherococci tincture showed a decrease in blood coagulation, and
the activity of blood coagulation factors induced by intensive training (59).

Contraindications

Radix Eleutherococci should not be used during pregnancy or lactation, or by
patients with blood pressure in excess of 180/90mmHg (24/12kPa) (4). Radix
Eleutherococci is also contraindicated in cases of known allergy to plants of the
Araliaceae family.

Warnings

No information available.

Precautions
Drug interactions

There is one case report of an increased level of serum digoxin due to the con-
comitant use of digoxin and Radix Eleutherococci (60). However, the identity
of the plant material as Eleutherococcus senticosus was not established, and it is
believed that it may have been Periploca sepium, which contains cardiac glyco-
sides (9, 10).

Carcinogenesis, mutagenesis, impairment of fertility

No carcinogenicity was observed in rats (67). No mutagenic activities were
observed in the Salmonella/microsome assay using S. typhimurium strains TA100
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and TA98, in the mouse bone marrow micronucleus test, or in rats in vivo (61).
Desmutagenic effects were observed in Drosophila (62, 63).

Pregnancy: teratogenic effects

No teratogenic effects were observed in the offspring of rats administered total
eleutherosides intragastrically (10mg/kg body weight) daily for 16 days, or in
pregnant rats given 13.5 ml/kg body weight fluidextract of Radix Eleutherococci
daily during days 6-15 of gestation (64, 65). No teratogenic effects were
observed in the offspring of sheep or mink when an ethanol extract of the roots
was added to the diet (4). (See also Contraindications.)

Pregnancy: non-teratogenic effects

See Contraindications.

Nursing mothers
See Contraindications.

Other precautions

No information available on general precautions or precautions concerning drug
and laboratory test interactions or paediatric use. Therefore, Radix Eleuthero-
cocci should not be used in children without medical supervision.

Adverse reactions

A few cases of insomnia, arrhythmia (including tachycardia), extrasystole and
hypertonia were reported in a clinical study involving 64 patients with athero-
sclerosis, who received a 33% ethanol extract of the crude drug at a dose of
4.5-6.0ml daily for 6-8 cycles of treatment (lasting 25-35 days) (66). In another
study of 55 patients with rheumatic heart lesions, two patients experienced
hypertension, pericardial pain and palpitations, and pressure headaches after
ingesting 3ml of a 83% ethanol extract of the roots daily for 28 days (67).
Insomnia has also been reported as a side-effect in other clinical trials (4). In
one case report, neonatal androgenization was tentatively associated with the
ingestion of Radix Eleutherococci tablets during pregnancy (68, 69). However,
analysis of the raw materials used in the preparation of the tablets indicated
that they were probably from Periploca sepium (70). Furthermore, intragastric
administration of either Radix Eleutherococci or P. sepium to rats (1.5 g/kg body
weight) did not demonstrate any androgenization potential, indicating that the
neonatal androgenization was probably not due to the plant material (77).

Dosage forms

Powdered crude drug or extracts in capsules, tablets, teas, syrups, fluidextracts
(63). Store in a well-closed container, protected from light (3).
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Posology

(Unless otherwise indicated)
Daily dosage: 2-3 g powdered crude drug or equivalent preparations (20).

References

1.
2.

N O\

11.

12.

13.

14.

15.
16.

17.
18.
19.
20.
21.

22.
23.

British herbal pharmacopoeia. London, British Herbal Medicine Association, 1996.
Pharmacopoeia of the People’s Republic of China. Vol. I (English ed.). Beijing, Chemical
Industry Press, 1997.

3. European pharmacopoeia, 3rd ed., Suppl. 2000. Strasbourg, Council of Europe, 1999.
4.

Farnsworth NR et al. Siberian ginseng (Eleutherococcus senticosus): current status as an
adaptogen. In: Wagner H, Hikino H, Farnsworth NR, eds. Economic and medicinal plant
research. Vol. 1. London, Academic Press, 1985:217-284.

. Steinegger E, Hansel R. Lehrbuch der Pharmakognosie und Phytopharmazie. 4. Auflage.

Berlin, Springer-Verlag, 1988.

. Bruneton J. Pharmacognosy, phytochemistry, medicinal plants. Paris, Lavoisier, 1995.
. Farnsworth NR, ed. NAPRALERT database. Chicago, University of Illinois at

Chicago, IL, February 9, 1998 production (an online database available directly
through the University of Illinois at Chicago or through the Scientific and Techni-
cal Network [STN] of Chemical Abstracts Services).

. Collisson R]. Siberian ginseng (Eleutherococcus senticosus Maxim.). British Journal of

Phytotherapy, 1991, 2:61-71.

. Awang D. Eleuthero. Canadian Pharmaceutical Journal, 1996, 129:52-54.
. Awang D. Siberian ginseng toxicity may be a case of mistaken identity. Canadian

Medical Association Journal, 1996, 155:1237.

Bladt S, Wagner H, Woo WS. Taiga-Wurzel. DC- und HPLC-Analyse von Eleuthe-
rococcus-bzw. Acanthopanax-Extrakten und diese enthaltenden Phytopréparaten.
Deutsche Apotheker Zeitung, 1990, 130:1499-1508.

Slacanin I et al. The isolation of Eleutherococcus senticosus constituents by centri-
fugal partition chromatography and their quantitative determination by high-
performance liquid chromatography. Phytochemical Analysis, 1991, 2:137-142.

Yat Y et al. An improved extraction procedure for the rapid quantitative HPLC esti-
mation of the main eleutherosides in Eleutherococcus senticosus. Phytochemical Analy-
sis, 1998, 9:291-295.

Quality control methods for medicinal plant materials. Geneva, World Health Organiza-
tion, 1998.

European pharmacopoeia, 3rd ed. Strasbourg, Council of Europe, 1996.

Guidelines for predicting dietary intake of pesticide residues, 2nd rev. ed. Geneva,
World Health Organization, 1997 (document WHO/FSF/FOS/97.7).

Wagner H et al. Immunstimulierend wirkende Polysaccharide (Heteroglykane) aus
hoheren Pflanzen. Arzneimittel-Forschung, 1984, 345:659-661.

Asano K et al. Effect of Eleutherococcus senticosus extracts on human physical working
capacity. Planta Medica, 1986, 4:175-177.

Bohn B et al. Flow-cytometric studies with Eleutherococcus senticosus extract as an
immunomodulatory agent. Arzneimittel-Forschung, 1987, 37:1193-1196.

Blumenthal M et al., eds. The complete German Commission E monographs. Austin, TX,
American Botanical Council, 1998.

Brekhman II, Dardymov JV. Pharmacological investigation of glycosides from
ginseng and Eleutherococcus. Lloydia, 1969, 31:46-51.

Kirillov OI. Opyt farmakologicheskoy reguljacii stressa. Vladivostok, 1966:106.
Brekhman II, Kirillov OI. Effect of Eleutherococcus on alarm-phase of stress. Life
Sciences, 1969, 8:113-121.

93



WHO monographs on selected medicinal plants

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.
42,
43.
44,

45.

94

Monakhov BV. Influence of the liquid extract from the roots of Eleutherococcus
senticosus Maxim. on toxicity and antitumor activity of cyclophosphan. Voprosy
Onkologii, 1965, 11:60-63.

Monakhov BV. The effect of Eleutherococcus senticosus on the therapeutic activity of
cyclophosphan, ethymidine or benzo-tepa. Voprosy Onkologii, 1967, 13:94-97.
Nishiyama N et al. Effect of Eleutherococcus senticosus and its components on sex-
and learning behaviour and tyrosine hydroxylase activities of adrenal gland and
hypothalamic regions in chronic stressed mice. Shoyakugaku Zasshi, 1985, 39:238-
242.

Singh N et al. Antistress activity in a muramyl dipeptide. Indian Journal of Experi-
mental Biology, 1990, 28:686-687.

Stukov AN. The influence of Eleutherococcus on the leukemogenic activity of indole.
Voprosy Onlkologii, 1967, 13:94-95.

Takasugi M et al. Effect of Eleutherococcus senticosus and its components on rectal
temperature, body and grip tones, motor coordination, and exploratory and spon-
taneous movements in acute stressed mice. Shoyakugaku Zasshi, 1985, 39:232-237.
Halstead BW, Hood LL. Eleutherococcus senticosus, Sibetian ginseng: an introduction to the
concept of adaptogenic medicine. Long Beach, CA, Oriental Healing Arts Institute, 1984.
Kolla VE Ovodenko IA. Lekarstrennye Sredstva Dal’'nego Vostoka, 1966, 7:33.
Golotkin GE Bojko SN. On the treatment of atherosclerosis with Eleutherococcus.
In: Brekhman 11, ed. Eleutherococcus and other adaptogens among the Far Eastern Plants.
Vladivostok, Far Eastern Publishing House, 1966:213-220.

Bezdetko GN. The prophylactic and curative effects of Eleutherococcus on the course
of alloxan-induced diabetes. In: Brekhman II, ed. Eleutherococcus and other adaptogens
among the Far Eastern plants. Vladivostok, Far Eastern Publishing House, 1966.
Medon PJ et al. Hypoglycemic effect and toxicity of Eleutherococcus senticosus fol-
lowing acute and chronic administration in mice. Acta Pharmacologica Sinica, 1981,
2:281.

Brekhman II. Eleutherococcus, 1st ed. Leningrad, Nauka Publishing House, 1968.
Abramova ZI et al. Stimulation of catecholamine and serotonin circulation caused
by Eleutherococcus and dibazole. Lekarstvennye Sredstva Dal'nego Vostoka, 1972, 11:
106-108.

Rusin IY. Resistance of animals to unfavorable effects increased by Eleutherococcus.
In: Proceedings of the Symposium on Eleutherococcus and ginseng. Vladivostok, The
Academy of Sciences, 1962.

Nishibe S et al. Phenolic compounds from the stem bark of Acanthopanax senticosus
and their pharmacological effect in chronic swimming stressed rats. Chemical and
Pharmaceutical Bulletin, 1990, 38:1763-1765.

Fujikawa T et al. Protective effects of Acanthopanax senticosus HARMS from
Hokkaido and its components on gastric ulcer in restrained cold-water-stressed rats.
Biological and Pharmaceutical Bulletin, 1996, 19:1227-1230.

Winterhoff H et al. Effects of Eleutherococcus senticosus on the pituitary—adrenal
system of rats. Pharmaceutical and Pharmacological Letters, 1993, 3:95-98.

Brekhman II, Dardymov JV. Eleutherococcus. Sbornik Rabot Instituta Tsitologii Akademiya
Nauk USSR, 1971, 14:82.

Bezdetko GN et al. Voprosy Meditsinskoi Khimii, 1973, 19:245.

Sugimura H et al. Effects of Eleutherococcus extracts on oxidative enzyme activity
in skeletal muscle, superoxide dismutase activity and lipid peroxidation in mice.
Japanese Journal of Fitness and Sports Medicine, 1992, 41:304-312.

Sugimura H et al. Effects of aqueous extracts from Eleutherococcus on the oxidative
enzyme activities in mouse skeletal muscle. Annual Proceedings of the Gifu Pharma-
ceutical University, 1989, 38:38-48.

Medon PJ et al. Effects of Eleutherococcus senticosus extracts on hexobarbital metabo-
lism in vivo and in vitro. Journal of Ethnopharmacology, 1984, 10:235-241.



46.

47.
48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.
61.
62.

63.
64.

65.

66.

Radix Eleutherococci

Dardymov 1V, Kirillov OI. Differences in the weight of some internal organs of
immature rats given Eleutherococcus and testosterone at dosages causing the same
gain in weight of the animals. Lekarstvennye Sredstva Dal’nego Vostoka, 1966, 7:43-47.
Dardymov IV. Gonadotropic effect of Eleutherococcus glycosides. Lekarstvennye
Sredstva Dal’'nego Vostoka, 1972, 11:60-65.

Pearce PT et al. Panax ginseng and Eleutherococcus senticosus extracts—in vitro studies
on binding to steroid receptors. Endocrinologia Japonica, 1982, 29:567-573.
Cherkashin GV. The effect of an extract of Eleutherococcus senticosus and a prepara-
tion of roseroot sedium (rhodosine) on the severity of experimental listeriosis.
Central Nervous System Stimulants, 1966:91-96.

Cherkashin GV. The effects of Eleutherococcus and rhodosine preparations on the
resistance of animals to experimental listeriosis. Izvestiya Sibirskogo Otdeleniya
Akademii Nauk USSR, Seriya Biologo Meditsinkikh Nauk, 1968, 1:116.

Fedorov Yu et al. Effect of some stimulants of plant origin on the development of
antibodies and immunomorphological reactions during acarid-borne encephalitis.
Central Nervous System Stimulants, 1966:99-103.

Cao GW et al. Influence of four kinds of polysaccharides on the induction of
lymphokine-activated killer cells in vivo. Journal of the Medical College of PLA, 1993,
8:5-11.

Wildfeuer A et al. Study of the influence of phytopreparations on the cellular func-
tion of body defence. Arzneimittel-Forschung, 1994, 44:361-366.

Shen ML et al. Immunopharmacological effects of polysaccharides from Acan-
thopanax senticosus on experimental animals. International Journal of Immunopharma-
cology, 1991, 13:549-554.

Zhu C et al. Effect of polysaccharide from Acanthopanax senticosus on mouse serum
type-specific antibodies. Yao Hsueh T'ung Pao, 1982, 17:178-180.

Yun-Choi HS, Kim JH, Lee JR. Potential inhibitors of platelet aggregation from plant
sources, III. Journal of Natural Products, 1987, 50:1059-1064.

Dowling EA et al. Effect of Eleutherococcus senticosus on submaximal and maximal
exercise performance. Medicine and Science in Sports and Exercise, 1995, 28:482—
489.

McNaughton L et al. A comparison of Chinese and Russian ginseng as ergogenic
aids to improve various facets of physical fitness. International Clinical Nutrition
Reviews, 1989, 9:32-35.

Azizov AP. Effects of Eleutherococcus, elton, leuzea, and leveton on the blood
coagulation system during training in athletes. Eksperimentalnaia I Klinicheskaia
Farmalkologiia, 1997, 60:58-60.

McRae S. Elevated serum digoxin levels in a patient taking digoxin and Siberian
ginseng. Canadian Medical Association Journal, 1996, 155:293-295.

Hirosue T et al. Mutagenicity and subacute toxicity of Acanthopanax senticosus
extracts in rats. Journal of the Food Hygiene Society of Japan, 1986, 27:380-386.
Sakharova TA et al. The effect of Eleutherococcus extract on the induction of reces-
sive lethal mutations by cyclophosphane and N-nitrosomorpholine in Drosophila.
Khimiko Farmatseevticheskii Zhurnal, 1985, 19:539-540.

Sonnenborn U, Hansel R. Eleutherococcus senticosus. In: De Smet PAGM et al., eds.
Adverse effects of herbal drugs. Vol. 2. Berlin, Springer-Verlag, 1993:159-169.

Curtze A. Die Arzneipflanze Eleutherococcus senticosus Maxim. in der Bundesrepub-
lik Deutschland. Der Kassenarzt, 1980, 20:497-503.

Dardymov IV et al. Absence of toxicity of Eleutherococcus glycosides during admin-
istration for two months. Lekarstvennye Sredstva Dal'nego Vostoka, 1972, 11:66—
69.

Golikov AP. Cholesterol synthesis in the small intestine of rabbits and the effect
of Eleutherococcus during a five-day cholesterol load. Lekarstvennye Sredstva Dal'nego
Vostoka, 1966, 7:63—65.

95



WHO monographs on selected medicinal plants

67. Mikunis RI et al. The effect of Eleutherococcus on some biochemical parameters of
the blood in the combined treatment of patients with rheumatic lesions of the heart.
Lekarstvennye Sredstva Dal'nego Vostoka, 1966, 7:227-230.

68. Koren G et al. Maternal ginseng use associated with neonatal androgenization.
Journal of the American Medical Association, 1990, 264:1866.

69. Koren G et al. Maternal ginseng use and neonatal androgenization. Journal of the
American Medical Association, 1991, 265:1828.

70. Awang D. Maternal use of ginseng and neonatal androgenization. Journal of the
American Medical Association, 1991, 264:2865.

71. Waller DP et al. Lack of androgenicity of Siberian ginseng. Journal of the Ametican
Medical Association, 1991, 265:1826.

96



Aetheroleum Eucalypti

Definition

Aetheroleum Eucalypti is the essential oil obtained by steam distillation and
rectification of the fresh leaves or terminal branchlets of Eucalyptus globulus
Labill (Myrtaceae) or other Eucalyptus species rich in 1,8-cineole (7-3).

Synonyms
Eucalyptus cordata Miq., E. diversifolia Miq., E. gigantea Dehnh., E. glauca D.C.,
E. globulus St Lag., E. pulverulenta Link (4).

Selected vernacular names

Aceite de eucalipto, esencia de eucalipto, essence d’eucalyptus rectifiée, euca-
lipto essenza, eucalyptus oil, eucalyptus olie, Eucalyptusdl, huile essentielle
d’eucalyptus, klei de eucalipt, minyak ekaliptus, oleo de eucalipto, Oleum euca-
lypti, tinh dau Bach dan (7-7).

Geographical distribution

Indigenous to Australia, cultivated in subtropical regions of the world includ-
ing Africa, South America (e.g. Argentina, Brazil and Paraguay), Asia (e.g.
China, India and Indonesia), southern Europe and the United States of America

(4, 7-11).

Description

A large tree with smooth bark, very pale or ash-grey, up to 3-20m high. Branch-
lets quadrangular, glaucous. Leaves of young trees and first leaves of young
shoots opposite, sessile, oval-oblong, with a cordate base, farinaceous-
glaucous; older leaves dangling, spirally arranged, lanceolate-falcate, up to
30 cm long. Flowers with very short pedicels, mostly umbellate, sometimes 2-3
in a fascicle. Calyx-tube double: outer tube drops early, smooth, inner tube
semi-persistent and warty. Stamens about 1.5 cm long; fruit turbinate, angular,
2.0-2.5cm in diameter (12, 13).
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Plant material of interest: essential oil
General appearance
A colourless or pale yellow liquid that darkens slightly on long storage (7, 2).

Organoleptic properties
Odour: aromatic, camphoric; taste: pungent, camphoric, followed by a sensa-
tion of cold (1-3).

Microscopic characteristics
Not applicable.

Powdered plant material
Not applicable.

General identity tests
Thin-layer and gas chromatography (7-3).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (14).

Chemical

Refractive index: 1.458-1.470 (1-3); specific gravity: 0.906-0.925 (2); optical
rotation: 0° to +10° (2); solubility in ethanol: soluble in 5 volumes of 70%
ethanol (2, 5). Methods to detect the presence of aldehyde and phellendrene
are available (2).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (15). For other pesticides, see the European pharmacopoeia (15), and
the WHO guidelines on quality control methods for medicinal plants (74) and
pesticide residues (16).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (74).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (74) for the analysis of radioactive isotopes.
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Chemical assays
Contains not less than 70% (w/w) 1,8-cineole (also known as cineol, cineole

or eucalyptol) (7, 2). Quantitative analysis according to the method described
for 1,8-cineole (1-3).

Major chemical constituents

The major constituent is 1,8-cineole (54-95%). In addition, there are moderate
amounts of o-pinene (2.6%), p-cymene (2.7%), aromadendrene, cuminalde-
hyde, globulol and pinocarveol (74, 13). The structure of 1,8-cineole is pre-
sented below.

1,8-cineole (eucalyptol) CHg

O
CHs

CHs

Medicinal uses
Uses supported by clinical data
None.

Uses described in pharmacopoeias and in traditional systems

of medicine

Symptomatic treatment of catarrh and coughs (17, 18). As a component of
certain dental root canal sealers; topically as a rubefacient for treatment of
rheumatic complaints (18, 19).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of cystitis, diabetes, gastritis, kidney disease (unspecified),
neuralgia, laryngitis, leukorrhoea, malaria, pimples, ringworm, sinusitis,
wounds, ulcers of the skin, urethritis and vaginitis (4, 6).

Pharmacology
Experimental pharmacology
Antimicrobial activity

Aetheroleum Eucalypti inhibited the growth in vitro of Staphylococcus aureus,
Pseudomonas aeruginosa, Bacillus subtilis, Enterococcus faecalis and Escherichia coli
(20-25), but not of Bacillus cereus, Penicillium cyclopium or Aspergillus aegyptiacus
(22, 25). Intramuscular injection of the essential oil (500mg/kg body weight)
inhibited the growth of Mycobacterium tuberculosis in guinea-pigs, and enhanced
the efficacy of streptomycin and isoniazid (26).
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Anti-inflammatory activity

The essential oil inhibited prostaglandin biosynthesis in vitro at a concentra-
tion of 37 umol/l (27).

Respiratory tract effects

Intragastric administration of the essential oil increased respiratory tract secre-
tions in cats (100mg/kg body weight), guinea-pigs (50mg/kg body weight),
rabbits (100 mg/kg body weight) and rats (100 mg/kg body weight) (28). Admin-
istration of non-lethal doses of the essential oil by steam inhalation to
urethane-treated rabbits did not enhance the output of respiratory tract fluid
(29).

Antitussive effects

The antitussive effect of the essential oil was compared to that of codeine in
guinea-pigs in which coughs were induced by mechanical stimulation. Inhala-
tion of the essential oil (5% emulsified in normal saline) had a significant anti-
tussive effect relative to codeine (15mg/kg body weight) of 0.68 (P < 0.05).
When the essential oil was administered by intraperitoneal injection (50 mg/kg
body weight), the antitussive effect relative to codeine was 0.57, which was
also significant (P < 0.001) (30).

Clinical pharmacology
Nasal decongestant activity

A clinical trial without controls assessed the effects of Aetheroleum Eucalypti
as a nasal decongestant in 31 healthy volunteers. Inhalation of the essential
oil (10ml) over a period of 5 minutes had no effect on nasal resistance to airflow.
However, the oil had a stimulant or sensitizing effect on nasal cold receptors,
and the majority of subjects reported a sensation of increased airflow (31). A
single-blind, parallel clinical trial assessed the efficacy of vaporized essential oil,
camphor, menthol or steam in reducing nasal congestion in 234 patients with
acute respiratory tract infections. The essential oil was significantly more effec-
tive in reducing nasal congestion only during the first hour following treatment
(P < 0.02) (32). In other clinical studies of patients with acute common colds,
no significant differences in nasal decongestant activity were reported between
the essential oil (1.3%) in petrolatum and a petrolatum placebo (32).

Analgesic activity

A randomized, double-blind, placebo-controlled, crossover study assessed the
efficacy of a combination product of the essential oil (eucalyptus oil) and
Aetheroleum Menthae Piperitae (peppermint oil) for headache relief in 32
patients. Five different preparations were used (all in 90% ethanol, to a final
weight of 100g): 10g peppermint oil and 5g eucalyptus oil; 10g peppermint
oil and traces of eucalyptus oil; traces of peppermint oil and 5g eucalyptus
oil; traces of both peppermint oil and eucalyptus oil; or a placebo. The test
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preparations or placebo were applied topically to large areas of the forehead
and temples, and the effects on neurophysiological, psychological and experi-
mental algesimetric parameters were measured. All test preparations improved
cognitive performance, and induced muscle and mental relaxation compared to
the placebo, but had no effect on sensitivity to headache (33).

Contraindications

Preparations of Aetheroleum Eucalypti should not be administered internally
to children (34), or patients with inflammation of the gastrointestinal tract,
gall bladder disease or impaired liver function (4, 17, 34). Aetheroleum Euca-
lypti should not be taken internally during pregnancy (35), see Precautions.

Warnings

Aetheroleum Eucalypti preparations should not be applied to the face, espe-
cially the nose, of infants or young children (7). Keep out of reach of children.

Precautions
General

Oily vehicles for the essential oil are unsuitable for use in nasal sprays as the
vehicle inhibits ciliary movement and may cause lipid pneumonia (19).

Drug interactions

Although no published drug interactions were found, a number of animal
studies indicate possible concern that the essential oil may induce liver enzymes
involved in drug metabolism. Therefore, the effects of other drugs may be
decreased following concomitant administration (17, 36).

Carcinogenesis, mutagenesis, impairment of fertility

The essential oil was a weak promoter of papilloma formation by 9, 10-
dimethyl-12-benzanthracene in mice. However, the development of tumours
in mice after intragastric administration of 8 or 32mg 1,8-cineole per kg body
weight daily for 80 weeks was similar to that in mice treated with vehicle
controls (37).

Pregnancy: teratogenic effects

The essential oil was not teratogenic when administered subcutaneously to
pregnant mice (135 mg/kg body weight) daily on days 6-15 of gestation (38).

Pregnancy: non-teratogenic effects

Eucalyptol (500mg/kg body weight, administered subcutaneously) has been
reported to penetrate the placenta in rodents and reach concentrations in the
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fetal blood which are sufficient to stimulate hepatic enzyme activity (39).
Therefore, Aetheroleum Eucalypti should not be taken internally during preg-
nancy (35).

Paediatric use

See Contraindications and Warnings.

Other precautions

No information available on precautions concerning drug and laboratory test
interactions or nursing mothers. Therefore, Aetheroleum Eucalypti should not
be administered during lactation without medical supervision.

Adverse reactions

Topical applications of Aetheroleum Eucalypti are generally non-irritating, non-
sensitizing and non-phototoxic (40). However, one case of systemic toxicity in
a 6-year-old girl (41), and several cases of urticaria, contact dermatitis and skin
irritation (42) have been reported.

Between 1981 and 1992, the clinical effects of poisoning were observed
in 59% of 109 children after accidental ingestion of the essential oil (2-10ml)
(43, 44). The symptoms included depression of conscious state (28% of cases),
drowsiness (25% of cases) and unconsciousness (3% of cases), and were dose-
dependent (43). Other reported symptoms included epigastric burning, nausea,
vomiting, dizziness, muscular weakness, miosis, a feeling of suffocation,
cyanosis, delirium and convulsions (8, 18, 45). Allergic reactions have been
reported after ingestion of 20 lozenges containing the essential oil (46).

Between 1889 and 1922, 17 cases of fatal poisoning due to ingestion of the
essential oil were reported (36). A dose of as little as 3.5ml was fatal (47).
However, these data are old and the purity of the oil used is unknown.

Dosage forms

Essential oil in solid, semisolid or liquid preparations (/) and galenical prepara-
tions (17). Store in a well-filled, tightly closed container, protected from heat
and light (1, 2).

Posology

(Unless otherwise indicated)

Internal use

Daily dosage: 0.3-0.6 ml essential oil or equivalent preparations (7). Capsules:
1 capsule of 100-200mg, 2-5 times daily (48, 49). Lozenges: 1 lozenge of
0.2-15.0mg dissolved slowly in the mouth, every 30-60 minutes (32). Mouth-
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wash: 20ml of a 0.91 mg/ml solution, gargled twice daily (32). Inhalation: 12
drops/150ml boiling water (49).

External use

Daily dosage: several drops (77) or 30ml essential oil in 500 ml lukewarm water
(35) rubbed into the skin for local application; 5-20% essential oil in liquid and
semisolid preparations; 5-10% in hydroalcoholic preparations.
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Definition

Folium Eucalypti consists of the dried leaves of Eucalyptus globulus Labill
(Myrtaceae) (1-3).

Synonyms
Eucalyptus cordata Miq., E. diversifolia Miq., E. gigantea Dehnh., E. glauca D.C.,
E. globulus St Lag., E. pulverulenta Link (4).

Selected vernacular names

Alcanfor, arbre a la fievre, Australian fever tree, bach dan xanh, Blaugum-
mibaum, bluegum tree, calibtus, calipso, daun ekaliptus, eucalipus, eucalypto,
eucalyptus, Eucalyptusblatter, feuilles d’eucalyptus, fevertree, Fieberbaum,
Fieberhilbaum, gigante, gommier bleu, gommier bleu de Tasmania, gum tree,
iron bark tree, kalatus, kaphur, khuynh diep, mtiulaya, nkwu-ishi, oykaliptus,
Tasmanian bluegum, yukari (1, 4-8).

Geographical distribution

Indigenous to Australia, cultivated in subtropical regions of the world in-
cluding Africa, South America (e.g. Argentina, Brazil and Paraguay), Asia (e.g.
China, India and Indonesia), southern Europe and the United States of America
(1, 4, 6, 8-10).

Description

Alarge tree with smooth bark, very pale or ash-grey, up to 3-20m high. Branch-
lets quadrangular, glaucous. Leaves of young trees and first leaves of young
shoots opposite, sessile, oval-oblong, with a cordate base, farinaceous-
glaucous; older leaves dangling, spirally arranged, lanceolate-falcate, up to
30 cm long. Flowers with very short pedicels, mostly umbellate, sometimes 2-3
in a fascicle. Calyx tube double: outer tube drops early, smooth; inner tube
semipersistent and warty. Stamens about 1.5cm long. Fruit turbinate, angular,
2.0-2.5cm in diameter (11, 12).
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Plant material of interest: dried leaves
General appearance

Leaf lanceolate-falcate, bifacial, 8-30cm long, 2-7 cm wide; petiole twisted,
strongly wrinkled, 2-3cm, occasionally 5cm, in length; apex, when pre-
sent, acute or acuminate; base unequal, obtuse or somewhat rounded, margin
uneven, revolute; ventral and dorsal surfaces greyish-green to pale yellowish-
green, coriaceous, glaucous, glabrous, glandular-punctate, with numerous
small, rounded, brown dots of cork; venation pinnate-reticulate, veins of the
first order running to a short distance from margin where they are anastomosed
and form a vein nearly parallel with the margin (1-3, §).

Organoleptic properties

Odour: aromatic, camphoric; taste: aromatic, pungent, bitter (7, 3, §).

Microscopic characteristics

Upper and lower epidermis composed of clear, polygonal cells with thick
cutinized outer walls; both layers possess sunken stomata. Chlorenchyma dif-
ferentiated into 2 palisade regions: both regions composed of 34 (usually 4)
rows of cells which face each epidermis; in each region large, subglobular inter-
nal glands occur, lined with secretory epithelium and containing yellow oil.
Parenchyma spongy, a narrow zone of loosely arranged cells between the 2
palisade regions; its cells contain rosette aggregates or monoclinic prisms of
calcium oxalate crystals. Fibrovascular bundles throughout the spongy
parenchyma; in midrib and petiole, interrupted arc of slightly lignified pericyclic
fibres occurs just outside these bundles (8).

Powdered plant material

Greyish-green; fragments of chlorenchyma with numerous embedded, broken,
yellow, schizogenous oil glands; calcium oxalate crystals in rosette aggregates
or monoclinic prisms; fragments of epidermis with polygonal cells having very
thick cuticle, numerous anomocytic stomata of more than 80um in diameter,
fragments of sclerenchyma fibres; fragments of cork, tracheids, vessels and
fibres (1, 3, 8).

General identity tests

Macroscopic and microscopic examinations, microchemical analysis and
thin-layer chromatography for 1,8-cineole (-3, 8, 13).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (714).
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Foreign organic matter

Not more than 1% fruits, and not more than 2% stems and other foreign matter
(1-3).

Total ash
Not more than 6% (2, 3).

Acid-insoluble ash
Not more than 0.2% (8).

Loss on drying
Not more than 10% (3).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (15). For other pesticides, see the European pharmacopoeia (15), and
the WHO guidelines on quality control methods for medicinal plants (74) and
pesticide residues (16).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (74).

Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (74) for the analysis of radioactive isotopes.

Other purity tests

Chemical, sulfated ash, water-soluble extractive and alcohol-soluble extractive
tests to be established in accordance with national requirements.

Chemical assays

Contains not less than 2% (v/w) essential oil, consisting of not less than 70%
(w/w) 1,8-cineole (also known as cineol, cineole or eucalyptol) (7, 3). A thin-
layer chromatography method is available for qualitative determination, using
1,8-cineole as a reference standard (3).

Major chemical constituents

Dried leaves contain 1-3% (v/w) essential oil (fresh leaves contain 0.4-1.6%),
the major constituent of which is 1,8-cineole (54-95%). In addition, there are
moderate amounts of other monoterpenes, including o-pinene (2.6%),
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p-cymene (2.7 %), aromadendrene, cuminaldehyde, globulol and pinocarveol.
Gas chromatography and gas chromatography-mass spectroscopy of the oil
indicated the presence of more than 70 components, 48 of which were identi-
fied. The concentration of o-terpeneol was estimated to be 28% (17). The
leaves are rich in tannins and ellagitannins, and also contain 2-4% triterpenes
(ursolic acid derivatives), a series of phloroglucinol-sesquiterpene-coupled
derivatives (macrocarpals B, C, D, E, H, I and ]) and flavonoids (rutin, quercetin,
quercitrin and hyperoside) (5, 7, 10, 12, 17-19). The structure of the major
monoterpene, 1,8-cineole, is presented below.

1,8-cineole (eucalyptol) CHgz

O
CHs

CH3z

Medicinal uses
Uses supported by clinical data
None.

Uses described in pharmacopoeias and in traditional systems

of medicine

As an expectorant for symptomatic treatment of mild inflammation of the res-
piratory tract and bronchitis (20). Also for symptomatic treatment of asthma,
fever and inflammation of the throat (7).

Uses described in folk medicine, not supported by experimental

ot clinical data

Treatment of cystitis, diabetes, gastritis, kidney disease (unspecified), laryngi-
tis, leukorrhoea, malaria, pimples, ringworm, wounds, ulcers of the skin,
urethritis and vaginitis (5).

Pharmacology

Experimental pharmacology

Antibacterial and antifungal activity

An ethanol-water extract of Folium Eucalypti inhibited the growth in vitro of
Staphylococcus aureus at a concentration of 25 ug/ml (271). An aqueous leaf extract
inhibited the growth in vitro of Escherichia coli, Staphylococcus aureus, Bacillus sub-
tilis and Enterococcus faecalis (IMIC 0.07-1.30mg/ml) (22). A methanol extract of

the leaves inhibited the growth in vitro of Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa and Candida albicans (MIC 1.25-10.00mg/ml) (23). A
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fluidextract of the leaves inhibited the growth in vitro of Mycobacterium tuber-
culosis (MIC 6.25 mg/ml) (24). A methanol-water extract of the leaves inhibited
the growth in vitro of Candida albicans (25).

Antiviral activity

An aqueous leaf extract inhibited the replication of influenza virus A,
(Mannheim 57), vaccinia virus and herpes simplex virus type 2 in vitro at a
concentration of 0.1% (26).

Antimalarial activity

Intragastric administration of a hexane leaf extract to mice (100mg/kg body
weight) did not inhibit the growth of Plasmodium berghei (27). Furthermore,
administration of an aqueous (3.48 g/kg body weight) or chloroform (264 mg/kg
body weight) leaf extract to chickens by gastric lavage did not inhibit the
growth of P. gallinaceum (28). An ethanol-water extract of the leaves inhibited
the growth in vitro of P. falciparum at a concentration of 75 pg/ml (21).

Antidiabetes activity

A hot aqueous extract of the leaves suppressed streptozocin-induced hyper-
glycaemia in mice when added to the diet (6.25%) and drink