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Introduction

Increasing role of the WHO monographs on selected
medicinal plants

Over the past two decades, there has been a tremendous increase in the
use of herbal medicine; however, there is still a significant lack of research
data in this field. Therefore since 1999, WHO has published three vol-
umes of the WHO monographs on selected medicinal plants: volume 1
includes 28 monographs; volume 2 contains an additional 30 monographs;
and volume 3 provides 31 monographs. Including the 28 new monographs
published in this volume, a total of 118 monographs in four volumes are
now available on the WHO web site (http://www.who.int/medicinedocs/
en/m/abstract/Js14213¢/).

Due to the diversity of medicinal plants and herbal medicines, it is dif-
ficult for WHO to continue to develop more monographs on commonly
used medicinal plants. One of the objectives of WHO monographs is to
provide a model that will support countries in developing their own na-
tional or regional monographs on medicinal plants or national formular-
ies on herbal medicines. Experts can be trained through the process of
developing country-specific or regional monographs, and national capac-
ity in this field can thus be built up.

For example, at WHO’s regional training workshop on regulation of
herbal medicines held for the WHO European Region, in September
2003, the participating national drug regulatory authorities of many of the
Newly Independent States (NIS) submitted their request to WHO di-
rectly, for assistance in the development of monographs on medicinal
plants commonly used in NIS.

In order to respond to their urgent need, WHO initiated a new project
to develop a set of regional (NIS) monographs on commonly used me-
dicinal plants, based on available scientific information relating to their
safety, efficacy and quality, which will facilitate the creation of effective
and practical regulatory and quality assurance measures on herbal medi-
cines. WHO has been working with 15 national drug regulatory authori-
ties interested in this publication in NIS, Countries of Central and Eastern
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Europe (CCEE) and their neighbouring countries, in close collaboration
with the WHO Regional Office for Europe. The 13 new monographs on
commonly used medicinal plants in NIS have been drafted based on the
format of the WHO monographs by the experts in NIS and CCEE coun-
tries with the support of experts, national health authorities and NGOs
within and also outside the NIS and CCEE countries. The WHO mono-
graphs on medicinal plants commonly used in NIS have been completed
and will be published soon. Based on the NIS countries model, in the fu-
ture, WHO would like to cooperate with more countries or regions to
develop their monographs on commonly used medicinal plants.

Preparation of monographs for volume 4

Selection of medicinal plants
The selection of medicinal plants for inclusion in the WHO monographs
is based on worldwide use. The medicinal plants selected must meet two
major criteria: (1) they must be in common use in at least two WHO Re-
gions; and (2) there must be sufficient scientific data available to satisfy
the requirements of the various sections in the monograph format.

The recommended selection criteria discussed at the Third WHO
Consultation on Selected Medicinal Plants (Ottawa, Canada, July 2001)
were applied to the preparation of volume 4 of the WHO monographs.

Preparation

During the preparation of volume 4, more than 200 experts were involved
in addition to members of WHO’s Expert Advisory Panel on Traditional
Medicine, a significant expansion compared to the numbers involved in
the previous three volumes. National drug regulatory authorities in
81 countries participated in the process, again a greater number than for
the previous volumes. This global network of active players facilitated
wider access to the available scientific references and information, in terms
of both quality and quantity. This considerable level of support contrib-
uted greatly to the efficiency of the preparation process.

The Fourth WHO Consultation on Selected Medicinal Plants was held
in Salerno-Paestum, Italy, in October 2005 to review and finalize the draft
monographs. Thirty-four experts and drug regulatory authorities from
WHO Member States participated (Annex 1). Following extensive dis-
cussion, 28 of the 32 draft monographs were adopted for inclusion.

Changes in format in volume 4
A description of selected sections of the monographs is given in the
General technical notices, which reflect the above-mentioned format
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changes. For easy reference, two cumulative indexes are provided as an-
nexes. Annex 2 lists the monographs in alphabetical order of the plant
name, while Annex 3 is arranged according to the plant materials of in-
terest. For the convenience of readers, an additional cumulative list of
plant names (scientific name followed by family name) which appeared
under the heading “definition” in each monograph, has been added (An-
nex 4). In response to the recommendation of the Ottawa Consultation
in 2001, a cumulative index of major chemical constituents arranged in
alphabetical order (Annex 5), a cumulative index ordered by Chemical
Abstracts Service (CAS) number (Annex 6) and a cumulative index or-
dered by molecular formula (Annex 7) have also been included in this
volume.

Under the heading “Geographical distribution”, an attempt has been
made to describe the geographical distribution of the plant, i.e. its natural
distribution, where it is cultivated, and conditions of cultivation, harvest-
ing and storage. This has been a challenge, owing to the lack of data based
on established national good agricultural practices and/or good collection
practices (GACP) for medicinal plants. In 2007, WHO published the
WHO guidelines on good manufacturing practices (GMP) for herbal med-
icines, which provide general technical guidance on obtaining medicinal
plant materials of good quality for the production of herbal medicines in
the overall context of quality assurance and control of herbal medicines.
WHO also compiled new guidelines on assessing quality for safety of
herbal medicines with reference to contaminants and residues which were
published in 2007. It is hoped that these guidelines will facilitate the im-
plementation of GMP for herbal medicines at the national level, and the
development of national quality standards/specifications for herbal medi-
cines, which in turn should bridge the current information gap in this
area.

At the consultation, the following technical issues were pointed out
for consideration during the preparation of the monographs:

e Specify extract according to original literature, whenever possible.

® Posology: as a general rule make clear that a given posology has
been found either in the report of clinical trials or referring to tra-
ditional indications. These guidelines have been followed in the
preparation of this volume wherever possible.

e Provide posologies as they relate to the specific indications —
the dosage forms have to be consistent with their respective
indications.

e Specific posologies should be indicated for specific uses and dos-
age forms whenever available.
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Purpose and content of monographs

Although the monographs include one section on “medicinal uses” with
three categories of information, the purpose of the monographs was
clearly explained in the introduction to volume 1, and it is unnecessary to
repeat it here. But it should be noted that the word “monograph” is used
as a technical term only. It does not have the same meaning as “mono-
graph” in any type of pharmacopoeia. In addition, it is reiterated here that
this publication is not intended to replace any official compendia such as
pharmacopoeias, formularies or legislative documents.

It should also be emphasized that the descriptions included in the sec-
tion on medicinal uses should not be taken as implying WHO’s official
endorsement or approval. They merely represent the systematic collec-
tion of scientific information available at the time of preparation, for the
purpose of information exchange.

Finally, the Fourth WHO Consultation on selected medicinal plants
recommended WHO to update existing monographs in view of the avail-
ability of new data and of the format change that has been employed for
volumes 3 and 4, and that this process should be given priority over the
development of new monographs, if resources are limited. This volume
might therefore be the last volume of WHO monographs on commonly
used medicinal plants. We should like to express our appreciation to all
the experts, national health authorities, WHO collaborating centres and
NGOs for their efforts, technical contributions and support in the prepa-
ration of the four volumes of WHO monographs on selected medicinal
plants.

In the future, WHO will consider updates of existing volumes of
monographs and will focus on providing technical assistance for national
capacity building through development of sets of regional and/or sub-
regional monographs by transferring the know-how and by mobilizing
the established global network.

Dr Xiaorui Zhang

Coordinator

Traditional Medicine

Department of Essential Medicines and Pharmaceutical Policy
World Health Organization

Geneva, Switzerland



General technical notices

These WHO monographs are not pharmacopoeial monographs. Their
purpose is to provide scientific information on the safety, efficacy and
quality control/quality assurance of widely used medicinal plants, in or-
der to facilitate their appropriate use in WHO’s Member States; to pro-
vide 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 4 follows that of volume 3, which was es-
sentially that of volume 2, with the following modification made: to keep
relevant sections together, Adverse reactions appears immediately after
the section on Pharmacology. The titles of three categories under the Me-
dicinal uses have been changed to the following:

o Uses supported by clinical data
o Uses described in pharmacopoeias and well established documents
e Uses described in traditional medicine

The Definition provides the Latin binomial name, the most impor-
tant criterion in quality assurance. Latin binomial synonyms and ver-
nacular names, listed in Synonyms and Selected vernacular names respec-
tively, are names used in commerce or by local consumers. The
monographs place outdated botanical nomenclature in the synonyms
category, based on the International Code of Botanical Nomenclature.
The vernacular names comprise an alphabetical list of selected names
from individual countries worldwide, in particular from areas where the
medicinal plant is in common use. They refer to the medicinal plant itself
not the medicinal plant part, which is identical to the monograph name.
The lists are not complete, but reflect the names of the concerned me-
dicinal plant appearing in the official monographs and reference books
consulted and those in the Natural Products Alert NAPRALERT) data-
base (a database of literature from around the world on ethnomedical,
biological and chemical information on medicinal plants, fungi and ma-
rine organisms, located at the WHO Collaborating Centre for Tradition-
al Medicine at the University of Illinois at Chicago, Chicago, IL, USA).
While every effort has been made to delete names referring to the
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medicinal plant part, the relevant section of each monograph may still
include these.

Geographical distribution is not normally found in official compendia,
but is included here to provide additional quality assurance information.
The detailed botanical description under Description is intended for qual-
ity assurance at the stages of production and collection; the description of
the crude drug material under Plant material of interest is for the same
purpose at the manufacturing and commerce stages.

General identity tests, Purity tests and Chemical assays are all normal
compendial components included under those headings in these mono-
graphs. Where purity tests do not specify accepted limits, those limits
should be set in accordance with national requirements by the appropri-
ate authorities of Member States.

Each medicinal plant and the specific plant part used as crude drug
material contains active or major chemical constituents with a characteris-
tic profile that can be used for chemical quality control and quality assur-
ance. These constituents are described in the Major chemical constituents.

Descriptions included in Medicinal uses should not be taken as imply-
ing WHO’s official endorsement or approval for such uses. They merely
represent the systematic collection of scientific information available at
the time of preparation, for information exchange.

The first category, Uses supported by clinical data, includes medical in-
dications that are well established in some countries and have been vali-
dated by clinical studies documented in the scientific literature. Clinical
trials may be controlled, randomized, double-blind studies, open trials, co-
hort studies or well documented observations on therapeutic applications.

The second category, Uses described in pharmacopoeias and well estab-
lished documents, includes medicinal uses that are well established in
many countries and are included in official pharmacopoeias or govern-
mental monographs. Uses having a pharmacologically plausible basis are
also included, as well as information resulting from clinical studies that
clearly need to be repeated because of conflicting results.

The third category, Uses described in traditional medicine, refers to
indications described in unofficial pharmacopoeias and other literature,
and to traditional uses. Their appropriateness could not be assessed, be-
cause sufficient data to support the claims could not be found in the lit-
erature. Traditional uses that address severe pathologies, such as cancer,
AIDS, hepatitis, etc., as they relate to these modern biomedical terms,
should only be included under the third heading if pharmacological data
or robust ethnopharmacological/ethnobotanical reports are available to
support the claims.
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The Experimental pharmacology section includes only the results of
investigations that prove or disprove the cited medicinal uses. Abbrevi-
ated details of the best-performed studies have been included in this sec-
tion. Other published experimental data that are not associated with the
medicinal uses have not been included, to avoid confusion.

The details included in the References have been checked against the
original sources wherever possible. For references in languages other than
English, except for those in Chinese, Japanese and Korean, the title is
given in the original language, except in cases where an English summary
is available.






Fructus Agni Casti

Definition

Fructus Agni Casti consists of the dried, ripe fruits of Vitex agnus-castus
L. (Lamiaceae) (1, 2).

Synonyms
Agnus-castus vulgaris Carr., Vitex verticillata Lam. (3).

Selected vernacular names

Abraham’s balm, Abrahamsstrauch, agneau-chaste, agnocasto, agnos-cas-
to cumune, agnus-castus, angarf, arbol casto, arbolde la castidad, arbre au
poivre, athlak, banjankusht, bardtcserje, bish barmagh aghaji, chaste tree,
chasteberry, common chaste tree, daribrahim, felfele barry, fanfangosht,
gatileira comum, gattilier, gattilier commun, hab an nasl, hab el fakd, hab
a khouraf, hayit, hemp tree, jurema, kaff maryam, kef-meriem, kerwa,
Keuschbaum, Keuschlamm, kyskhedstrae, lilac chastetree, lygos, Monchs-
pleffer, Ménchspfeller monk’s pepper, monk’s pepper tree, Miillen, non’s
peppertree, panj angosht pan]angusht pape falso, peperella, petite poivre,
pimiento menor, p01vre de moine, poivre sauvage, ranukabija mah, saget-
ree, sauzgatillo, seiyo-ninzin-boku, shajerat Ebrahim, shagareh Ibrahim,
sinduvara, tree of chastity, true chaste tree, vitex, vitiu, wild lavender,
Yemen safrani (1-7).

Geographical distribution

Native to the Mediterranean region and Asia (2, 4, 8). Cultivated in warm
temperate regions of the world, and obtained primarily from Mediterra-
nean countries, especially Albania and Morocco (3, 9).

Description

A small tree or deciduous shrub, approximately 1-6 m in height, with aro-
matic odour. Leaves: opposite, long-petiolate, palmately-compound with
3-9 stipulate leaflets; leaflet blade linear-lanceolate, apex and base acumi-
nate, 1.5-10.0 cm long, 0.5-2.0 cm wide; the central leaflet is the longest,
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dark green and glabrous above, velvety white-tomentose below; margin
entire to sparsely toothed. Inflorescence: terminal panicle, 12.0-17.5 cm
long, and composed of many sessile-subsessile cymes. Flower: perfect,
campanulate symmetric, white-tomentose; calyx 5-toothed, campanulate,
2.0-2.5 cm long; corolla blue, pink, yellowish or white, salverform,
tube 6-7 mm long, limb 2-lipped, upper lip 2-lobed, lower lip 3-lobed;
stamens 4, exerted, 2 long, 2 short, inserted near top of corolla tube, alter-
nate with corolla lobes; ovary superior, style exerted, stigma bifid. Fruit:
drupe, globose to subglobose, 2-4 mm in diameter, reddish (3, 4).

Plant material of interest: dried ripe fruits

General appearance

Mature fruit is round to ovoid, 2-4 mm in diameter, glandular hairy, ex-
tremely hard, reddish-brown to black, slightly rough, and usually accom-
panied by a short pedicel and some smaller, immature fruits in close
groups of up to six. The apex has a slight depression with 4 faint grooves
at right angles to one another. A tubular persistent calyx with 5 short,
often indistinct, teeth covers half to three quarters of the surface. The ca-
lyx is grey-green and tomentose (7).

Organoleptic properties
Odour: faintly aromatic; taste: slightly aromatic and bitter (4, 9, 10).

Microscopic characteristics

Fruit: The exocarp is brown and narrow, consisting of parenchymatous
cells with thin walls and partially lignified cells with many pitted thicken-
ings on the inside. In surface view, the exocarp shows an epidermis of
polygonal cells with thickened walls and some with large, conspicuous,
simple pits; among the cells are short-stalked glandular trichomes with
unicellular or multicellular heads and some short covering trichomes. In
cross-section, the fruit shows small epicarp cells covered with a thick cu-
ticle. The mesocarp consists of several layers of isodiametric parenchyma
cells with slightly thickened and pitted cell walls; occasionally these cells
have brownish granular contents. The walls of the outer mesocarp cells
are brown whereas those of the inner cells lack colour. The inner meso-
carp consists of finely pitted sclerenchymatous cells, some with moder-
ately thickened walls, others consisting of isodiametric stone cells with a
small lumen. In the outer part, very small brown-coloured vascular bun-
dles are arranged in a circle. Towards the endocarp the cells become small-
er and their cell walls thicker; the innermost cell layers consist of small
sclereids with a small branched lumen. The seeds are small, having large
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cotyledons surrounded by thin-walled, large parenchymatous cells that
have ribbed thickenings. The nutritive tissue and the cells of the germ
contain aleurone grains and oil globules. Calyx: composed of outer epi-
dermis of small, isodiametric polygonal cells, densely covered by short,
bent or undulate, unicellular or bicellular covering trichomes of fairly
uniform length; inner epidermal cells a little larger, walls slightly wavy,
some thickened; trichomes absent (7).

Powdered plant material

Greyish to dark brown, with a musty, slightly aromatic odour and un-
pleasant, bitter taste, reminiscent of sage; abundant, more or less isodia-
metric stone cells with walls of varying thickness and degree of pitting;
ovoid lignified cells with thin bands of reticulate thickening; fragments of
calyx with closely-spaced, short covering and glandular trichomes on the
outer side and birefractive elongated sclereids on the inner side; epicarp
cells with large pits in the outer wall; thin-walled parenchymatous cells
and globules of fixed oil; small glandular trichomes (7).

General identity tests

Macroscopic and microscopic examinations (4, 9, 11), thin-layer chromatog-
raphy for the presence of agnuside and aucubin (1), and high-performance
liquid chromatography for the presence of the marker compounds, casticin
and agnuside (1, 12) and for the biologically active diterpenes vitexilactone,
rotundifuran and 6,7B-diacetoxy-13-hydroxy-labda-8,14-diene (12).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are
as described in the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (13).

Foreign organic matter
Not more than 2.0% (7).

Total ash
Not more than 8.0% (7).

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

Water-soluble extractive
Not less than 8.0% (9).
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Loss on drying
Not more than 10.0% (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05 mg/kg (13). For other pesticides, see the European pharmacopoeia (13)
and the WHO guidelines on assessing quality of herbal medicines with ref-
erence to contaminants and residues (74) and pesticide residues (15).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO
guidelines on assessing quality of herbal medicines with reference to con-
taminants and residues (74).

Radioactive residues
Where applicable, consult the WHO guidelines on assessing quality of
herbal medicines with reference to contaminants and residues (14).

Chemical assays

Contains not less than 0.05% agnuside and 0.08% casticin calculated on
the basis of dried drug by high-performance liquid chromatography (7).

Major chemical constituents

Up t02.0% essential oil with bornyl acetate, 1,8-cineol, limonene, o-pinene
and B-pinene being primary constituents. Flavonoids, iridoids and diter-
penes represent major groups of secondary constituents found in the fruit
(4, 5). Casticin, in concentrations up to 0.2% (12) is considered the major
flavonoid, with chrysosplenetin, chrysosplenol D, cynaroside, 5-hydroxy-
3,47,6,7-tetramethoxyflavone, 6-hydroxykaempferol, isorhamnetin, luteo-
lin and luteolin 6-C-glycoside (isoorientin) derivatives being other com-
pounds of this class. Diterpene constituents include vitexilactone
(0.001-0.004%), 6B,7B-diacetoxy-13-hydroxylabda-8,14-diene, rotundi-
furan, and vitexlactam A (3, 5, 16-18). The structures of representative
flavonoids, iridoids and diterpenes are presented below.

Medicinal uses

Uses supported by clinical data

Orally for the symptomatic treatment of gynaecological disorders includ-
ing corpus luteum insufficiency and hyperprolactinaemia (19), premen-
strual syndrome (20-25), menstrual irregularities (26, 27), cyclic mastalgia
(28, 29) and also to treat hormonally-induced acne (30, 31).
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Uses described in pharmacopoeias and well established documents
Orally for the treatment of endometrial hyperplasia and secondary amen-
orrhoea (32); endocrine-dependent dermatoses (dermatitis symmetrica
dysmenorrhoica (Matzenauer-Polland syndrome)) acne vulgaris, eczema,
acne rosacea), hypermenorrhoea (33), infertility due to hyperprolactin-
aemia and luteal phase defect (34). Used to treat fibroid cysts and infertil-
ity, to stop miscarriages due to progesterone insufficiency, to help expel
the placenta after birth (35) and also as a digestive aid, sedative, anti-infec-
tive and for the treatment of hot flushes (36).

Uses described in traditional medicine
Used as an anaphrodisiac, calefacient, contraceptive, emmenagogue, seda-
tive and as a tonic (5).

Pharmacology

Experimental pharmacology

Receptor binding

Numerous mechanisms have been proposed for the many activities of the
crude drug. Extracts of the fruit have been shown to act as dopamine ago-
nists in vitro and in vivo. The binding of an 80% ethanol extract of the
fruit and various fractions of the extract to the dopamine D, and other re-

2
ceptors was evaluated both by radioligand binding studies and by super-
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fusion experiments (35). The extract bound to the dopamine D, and opioid
(p and « subtype) receptors with a range of median inhibitory concentra-
tions between 40 and 70 pg/ml. Binding was not observed for the hista-
mine H, and benzodiazepine receptor or the serotonin transporter. Two
diterpenes isolated from the hexane fraction of the extract, rotundifuran
and 6B,7B-diacetoxy-13-hydroxy-labda-8,14-diene, exhibited inhibitory
actions on dopamine D, receptor binding with a median inhibitory con-
centration of 45 and 79 pg/ml, respectively (16, 37). While lipophilic frac-
tions of the extract bound to the p- and x-opioid receptors, binding to
d-opioid receptors was inhibited mainly by an aqueous fraction of the ex-
tract. In superfusion experiments, the aqueous fraction of a methanol ex-
tract inhibited the release of acetylcholine in a concentration-dependent
manner. In addition, the D, receptor antagonist, piperone, antagonized the
effect of the extract suggesting a dopaminergic action mediated by D, re-
ceptor activation. A labdane diterpene, o-acetoxy-13-hydroxylabdadiene,
isolated from a fruit extract, was found to displace '*I-sulpiride from re-
combinant human D, receptor binding sites in a dose-dependent manner
(38). This group also demonstrated that rotundifuran, at a concentration
of 100 UM, significantly inhibited the secretion of prolactin from cultured
rat pituitary cells (p < 0.05). In addition, rotundifuran inhibited forskolin-
induced prolactin and cyclic adenosine monophosphate secretion in rat
pituitary cells, when added to the medium at a concentration range of 10—
100 uM (38). Bicyclic clerodane diterpenes have also been isolated from
extracts of the fruit and were found to have a 10-fold higher activity than
rotundifuran for inhibiting synthesis of cyclic adenosine monophosphate
and release of prolactin in prolactin secreting cells of the rat pituitary by
binding directly to the D, receptors (39).

In membrane preparations from rat corpus striatum, a lyophilized
60% ethanol extract of the fruit at a concentration of 0.5 mg/ml displaced
»I-sulpiride from dopamine D, receptor binding sites in a dose-depen-
dent manner (40). An extract of the fruit as well as the synthetic dopamine
agonist (lisuride) significantly inhibited basal and thyroid releasing hor-
mone-stimulated secretion of prolactin by rat pituitary cells in vitro (41).

A reduction in the concentrations of endogenous opioids during the
late luteal phase has also been proposed as one of the mechanisms which
may induce the symptoms of premenstrual syndrome, such as mood
swings, headaches and water retention (39). A number of fruit extracts and
chromatographic fractions have been tested in vitro for their ability to
displace receptor binding ligands to the -, k-, and §-opioid receptors (37,
42). The extract and butanol, chloroform and hexane fractions bound to
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the u- and x-receptors, while the aqueous extract was more active in the
d-opioid receptor. No binding in the orphan opioid receptor was noted.

Rat brain striatal tissue was preincubated with *H-choline. Treatment
of the preincubated tissue with a fruit extract inhibited electrically stimu-
lated release of *H-acetylcholine with a median inhibitory concentration
of 30 ug/ml (37). The inhibitory effect was reduced by co-incubation of
the tissues with spiroperidol. Atropine partially reduced the inhibitory
effects of the fruit extract suggesting that the extract may also work on the
cholinergic receptors (37).

Several extracts of chaste berry have been shown to bind to the estro-
gen receptor and have weak estrogenic effects, suggesting that chaste ber-
ry may also affect the estrogen/progesterone balance (43—45). A fruit ex-
tract dose-dependently bound to both estrogen receptor isotypes, but
binding appeared to be more selective for estrogen receptor B than estro-
gen receptor o (45). The extract also dose-dependently inhibited the se-
cretion of progesterone from human granuloma cells (44), an effect that is
mediated by estrogen receptor B, as it can be blocked by tamoxifen. Fur-
thermore one in vivo study has shown that treatment of ovariectomized
rats with an undefined extract of the fruit (dose not stated) increased uter-
ine growth, and the expression of uterine c-myc mRNA levels and liver
ceruloplasm mRNA levels, indicating an estrogenic effect (43).

A methanol extract of the crude drug bound to both estrogen recep-
tor o and estrogen receptor B, and induced the expression of estrogen-
dependent genes, progesterone receptor, and pS2 (presenelin-2) in
Ishikawa cells (an estrogen-dependent endometrial adenocarcinoma cell
line) (45). Significant binding affinity for both estrogen receptor o and
estrogen receptor B3, with a median inhibitory concentration of 46.3 pg/
ml and 64.0 pg/ml, respectively, and the affinity for estrogen receptor o
and estrogen receptor § was not significantly different (45). In Ishikawa
cells, the extract exhibited weak estrogenic activity, as indicated by up-
regulation of the progesterone receptor mRNA; however alkaline phos-
phatase activity was not changed. In S30 breast cancer cells, the presen-
elin-2 gene was up-regulated in the presence of 20.0 pg/ml of the same
extract. Based on bioassay-guided isolation, the “estrogenic” compo-
nent from the fruit extract was identified as linoleic acid, which also
bound to estrogen receptor o and estrogen receptor B (46). Like the ex-
tract, linoleic acid also induced expression of the progesterone receptor
mRNA in Ishikawa cells, at a concentration of 1 pg/ml, indicating that
binding produced a biological estrogenic effect in vitro. In addition, low
concentrations of the extract or linoleic acid (10 pg/ml) up-regulate the
expression of estrogen receptor B mRNA in the estrogen receptor+
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hormone-dependent T47D:A18 cell line, a further indication of estrogen-
ic activity (46).

Effect on prolactin secretion

An ethanol extract of the fruit (1:10 with ethanol, 62%), in a range of con-
centrations from 0.41 to 3.3 mg/ml, significantly inhibited basal and thy-
roid stimulating hormone-stimulated prolactin secretion from rat primary
pituitary cell cultures in vitro (p < 0.05) (41, 47). At a concentration of
3.3 mg/ml the inhibition was 80% for basal secretion and 65% for stimu-
lated secretion. These results were confirmed in another study demonstrat-
ing significant inhibition of prolactin release from rat pituitary cells by the
extract at concentrations of 0.5 mg/ml for basal secretion and 0.125 mg/ml
for stimulated secretions (47). Furthermore, inhibition of prolactin secre-
tion from rat pituitary cells was also observed after treatment with an ex-
tract of the fruit at concentrations of 460 pg/ml (p < 0.0003) for basal secre-
tion and 115 pg/ml for stimulated secretion (p < 0.01) (41). The inhibitory
effect of a fruit extract on prolactin secretion was investigated in male rats
(48). Intravenous administration of a 53% ethanol fruit extract containing
20 mg/ml of water-soluble constituents significantly inhibited stress-
induced prolactin secretion as compared with the baseline (p < 0.05) (48).

Toxicology

The median lethal dose of an ethanol extract of the fruit after a single in-
tragastric or intraperitoneal injection was greater than 2.0 g/kg body
weight (bw) in rats and mice, and no deaths were reported (4).

In a 28-day subacute toxicity study the no-observed-effect level was
50.0 mg/kg bw; chronic administration over 26 weeks resulted in a no-
observed-effect level of 40.0 mg/kg bw (4). No genotoxic effects were
observed when the same extract was tested in the thymidine kinase muta-
tion assay in mammalian cell lines, the unscheduled DNA repair assay in rat
hepatocytes or in the micronucleus assay of murine bone marrow cells (4).

Clinical pharmacology

Approximately 32 clinical trials have assessed the safety and efficacy of
various fruit extracts or tinctures (53—70% ethanol) for the treatment of
acne, corpus luteum insufficiency, cyclic breast pain, hyperprolactinae-
mia, menopausal symptoms, increasing lactation, premenstrual syndrome,
uterine bleeding disorders and miscellaneous menstrual irregularities (47).
A review of all of the clinical data is beyond the scope of this monograph;
for the complete details of all trials please refer to the cited references (4,
47). Most of the studies were open, uncontrolled studies investigating the
effects of the extracts on menstrual cycle abnormalities or premenstrual
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syndrome. One double-blind placebo-controlled study investigated a
fruit extract in treatment of luteal phase defects due to hyperprolactinae-
mia (19). Two other double-blind placebo-controlled studies investigated
fruit extracts in treatment of premenstrual syndrome (24, 49).

Abnormal menstrual cycles and infertility

Since 1954 at least 17 studies have assessed the effects of extracts of the
fruit on a variety of menstrual cycle disorders including amenorrhoea,
oligomenorrhoea, polymenorrhoea, corpus luteum insufficiency and in-
fertility (4). Two double-blind placebo-controlled clinical trials and sev-
eral observational studies have investigated the effect of various extracts
of the fruit on corpus luteal phase dysfunction and infertility (19, 34). The
products tested were all ethanol extracts (53-70% ethanol), and the doses
used in these investigations were: 20 drops twice daily; 15 drops three
times daily; 30 drops twice daily; or one to two tablets or capsules daily.

A randomized, double-blind, placebo-controlled trial involving
52 women with luteal phase defects due to latent hyperprolactinaemia as-
sessed the efficacy of a dried fruit extract (19). The aim of the study was to
find out whether elevated pituitary prolactin levels could be reduced and if
deficits in luteal phase length and luteal phase progesterone synthesis could
be normalized. Blood for hormone analysis was taken on days 5-8 and day
20 of the menstrual cycle, before and after 3 months of therapy. Latent
hyperprolactinaemia was analysed by monitoring the prolactin release 15
and 30 min after intravenous administration of 200 g of thyroid hormone.
Thirty-seven cases (placebo: 7 = 20; treatment: 7 = 17) were included in the
final statistical analysis. After 3 months of treatment with the extract at a
dose of 20 mg per day, prolactin release was reduced; a significant increase
in the length of the luteal phase (10.5 days; p < 0.05) was observed. Deficits
in luteal progesterone synthesis were eliminated. These changes only oc-
curred in women in the treatment group, no change was observed in the
placebo group. All other hormonal parameters remained unchanged, ex-
cept for 17-B-estradiol, which increased during the luteal phase in women
in the treatment group. The overall length of the menstrual cycle did not
change, suggesting that there was a corresponding shortening of the folli-
cular phase. Two women in the group given the extract had become preg-
nant by the end of the study. No side-effects were reported.

The second randomized, double-blind, placebo-controlled study as-
sessed the efficacy of a 53% ethanol extract of the crude drug in 96 infer-
tile women (34). The outcome criteria included pregnancy or menstrual
bleeding in women with secondary amenorrhoea or improved luteal hor-
mone concentrations. The women were administered 30 drops twice dai-
ly for 3 months. Sixty-six women completed the study, but no statisti-
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cally significant results were found (p = 0.069). In the women with
amenorrhoea or luteal phase dysfunction, pregnancy resulted twice as of-
ten in women in the treatment group (15%) as in those in the placebo
group (7%); however no statistical analysis was reported.

In open (uncontrolled) trials involving 48 women who were infertile
due to luteal-phase dysfunction, the efficacy of a fruit extract for the nor-
malization of progesterone concentrations was determined (50). The in-
clusion criteria were normal prolactin levels (below 20 ng/ml), normal
results in the prolactin and thyroid-stimulating hormone stimulation tests
and an abnormally low serum progesterone level (below 12.0 ng/ml) on
the 20th day of the cycle. Treatment consisted of a fruit extract, 40 drops
daily, without any other medication for 3 months. Forty-five women
completed the studies (3 were excluded because of concurrent hormone
use). The outcome of therapy was assessed by the normalization of the
mid-luteal progesterone level and by correction (lengthening) of any pre-
existing shortening of the phases of the cycle. Treatment was deemed suc-
cessful in 39 of the 45 patients. Seven women became pregnant; serum
progesterone was restored to normal in 25 patients (> 12 ng/ml) and in
seven women there was a trend towards normalization of progesterone
levels. However, no statistical analysis was performed.

Two larger post-marketing trials, involving 479 women, assessed the
safety and efficacy of fruit extracts for the treatment of oligomenorrhoea
or polymenorrhoea (50). The women were treated with 30 drops of the
extract twice daily and the outcome measured was the bleeding-free inter-
val. An increase in the bleeding-free interval was observed after 35 days in
187/287 women receiving treatment for oligomenorrhoea and after
26 days in 139/192 women receiving treatment for polymenorrhoea.

Acne treatment

Two uncontrolled clinical studies and one observational report have as-
sessed the effects of extracts of the fruit on acne due to hormone imbalance
(30, 31, 33). In one open study, 118 people with acne were treated with a
fruit extract (20 drops twice daily for 4-6 weeks, then 15 drops twice daily
for 1-2 years) and the results were compared with those of conventional
treatments for acne (37). Patients treated with the fruit extract reported a
quicker healing rate after 6 weeks and after 3 months of therapy, 70% of
patients treated with the fruit extract had complete healing.

Cyclic breast pain (mastalgia)

Breast pain (mastalgia) is a common complaint usually classified as cycli-
cal (associated with the menstrual cycle) or non-cyclical (not associated
with the menstrual cycle). Mild premenstrual breast discomfort, lasting
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for 1-4 days prior to menstruation that resolves upon the initiation of
menstruation, is considered to be within normal physiology. Non-cyclic
breast pain lasting for five or more days should be brought to the atten-
tion of a health care provider. Several open (uncontrolled) trials (28, 57—
56) and three randomized controlled clinical trials (28, 29, 56-58) have
assessed the safety and efficacy of extracts of the fruit for the treatment of
cyclic mastalgia.

A randomized, double-blind, placebo-controlled clinical trial involving
104 women with cyclic breast pain (at least 3 cycles) assessed the effects of
a preparation of the fruit (tincture 1:5 equivalent to 2 g of the fruit in 53%
ethanol) for the treatment of cyclic breast pain (58). The patients were
treated with either placebo, tincture (30 drops twice daily), or tablets (one
tablet twice daily) for three cycles. Patients assessed the intensity of breast
pain once per cycle using a visual analogue scale and also recorded the
presence of menstrual bleeding and the intensity of pain in a diary. Prolac-
tin levels were also measured during the premenstrual week of cycles one
and three. At the end of the third cycle of treatment, a significant reduc-
tion in breast pain was observed in the treated patients as compared with
those who received placebo (tincture, p = 0.006; tablets, p = 0.0076). Nei-
ther the tablets nor the tincture of crude drug had any effect on concentra-
tions of progesterone, follicle stimulating hormone or luteinizing hor-
mone. While the basal prolactin levels decreased in both treatment groups,
this was not statistically significant when compared with placebo (58).

A second randomized, placebo-controlled, double-blind study with a
similar design compared the tincture (30 drops = 1.8 ml, twice daily for
3 cycles) with placebo for the treatment of 97 women (7 = 48 in the treat-
ment group; 49 in the placebo group) who had had breast pain at least
5 days prior to menses in the last cycle before the study (57). A visual
analogue scale was used for assessment of the efficacy. Intensity of breast
pain diminished more quickly in the group that received the tincture. The
study design and duration were similar to that of Wuttke et al. (57, 58).
The results of this study showed a decrease in the visual analogue scale
scores of women in both the treatment and the placebo groups. However,
compared with women in the placebo group, those in the treatment group
had significantly lower visual analogue scale values at the end of each cy-
cle (p = 0.018, 0.006 and 0.064 for cycles 1, 2 and 3, respectively).

In a randomized, placebo-controlled trial the effects of a Vitex agnus-
castus solution and a placebo (double-blind) were compared with that of
gestagen (lynestrenol) in 160 women with mastalgia (59). A complete re-
mission, or 1mprovement of symptoms, was reported in 82.1%, 74.5%,
and 36.8% of the patients in the gestagen, chaste tree, and placebo groups,
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respectively. The difference in effect between treatment and placebo was
significant (p < 0.01). No significant differences were found between the
two treatments (59).

Numerous open studies have assessed the effect of a solution of Vitex
agnus-castus (VAC solution) for the treatment of over 1700 women with
mastalgia (28, 29, 51, 52, 54-56). All of these studies assessed the efficacy
of one product, VAC solution, at a dose of 45-75 drops per day for
1-6 menstrual cycles. Two studies compared VAC treatment with ly-
nestrenol (5 mg daily on days 12-24 of each cycle). Elimination of symp-
toms was observed in 46-81.5% of treated women; improvement of
symptoms in 12-39.6% and no effect in 6.5-29%. Reported side-effects
included circulatory disturbances, acne and weight gain.

Premenstrual syndrome

Premenstrual syndrome refers to the regular occurrence of affective
symptoms such as depressive moods, irritability, anxiety, confusion and
social withdrawal, as well as somatic symptoms including breast tender-
ness or heaviness and breast pain (mastalgia), abdominal bloating, crav-
ings, fatigue and headache.

Twelve clinical trials have assessed the efficacy of extracts of the fruit
for the symptomatic treatment of premenstrual syndrome (22-24, 26, 27
49, 58-63). Of these studies, only three were randomized controlled trials
and two were double-blind (22, 49, 63). A positive placebo effect was
ruled out by one randomized placebo-controlled study carried out in
compliance with good clinical practice (63). In this study, patients (7 = 86)
with premenstrual syndrome were given either a chaste tree fruit extract
(60% ethanol), in the form of a product called “Z 440”, one 20-mg tablet
daily or a placebo (7 = 84) during three consecutive menstrual cycles.
Diagnosis was made according to the Diagnostic and Statistical Manual
for Mental Disorders. The main efficacy variable was change from base-
line to end-point (end of the third cycle) in the patient’s self-assessment of
six premenstrual syndrome symptoms (irritability, mood alteration, an-
ger, headache, breast fullness, and other symptoms including bloating). A
secondary efficacy variable was change in Clinical Global Impressions
score for the factors: severity of condition, global improvement, and risk—
benefit. Mean improvement in patient’s self-assessment was significantly
greater in the women in the treatment group than in women who received
the placebo (p < 0.001). Clinical Global Impressions scores for each of the
three factors also revealed significant superiority of the treatment relative
to placebo (p < 0.001). Responder rates (> 50% reduction in symptoms)
were 52% and 24% for treatment and placebo, respectively. Adverse
events reported in the active treatment arm (7 = 4) included acne, multiple
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abscesses, inter-menstrual bleeding and urticaria; in the placebo arm (7 =
3) the adverse events were acne, early menstrual period and gastric upset.

A randomized, double-blind, placebo-controlled trial involving
217 women with self-diagnosed premenstrual syndrome according to a
modified version of the Menstrual Distress Questionnaire, a rating scale
covering most of the important symptoms, assessed the efficacy of the
fruit for the management of symptoms of premenstrual syndrome (49).
Subjects were treated with either a powder of the dried fruit (300-mg tab-
lets; two tablets three times daily; » = 105) or a soy-based placebo (7 =
112) for a period of 3 months, after which they all completed the Men-
strual Distress Questionnaire again. Other than a statistically significant
difference in effect between the active powder and the soy-based placebo
for the symptom “feel jittery and restless” (p = 0.05), no other statistically
significant results were reported. Unfortunately, soy was a poor choice
for use as a placebo, as it is not considered to be biologically inert.

A multi-centre, randomized, double-blind, controlled clinical trial
compared the activity of a dried ethanol extract of the fruit with that of
pyridoxine (vitamin B6) in the treatment of women with premenstrual
syndrome (22). The intent-to-treat population included 127 women: 61 of
whom were given one capsule of extract plus one placebo capsule daily
for three cycles, while 66 were given one capsule of placebo twice daily on
days 1-15 of their cycle, followed by one capsule (100 mg) of pyridoxine
twice daily on days 16-35. Therapeutic response was assessed using the
Premenstrual Tension Syndrome scale, the Clinical Global Impressions
scale, and by recording six characteristic symptoms of premenstrual syn-
drome (breast tenderness, oedema, inner tension, headache, constipation
and depression). Therapeutic efficacy was assessed by both patients and
physicians at the end of the trial. Initial mean scores on the Premenstrual
Tension Syndrome scale were higher in the group treated with the chaste
tree extract (15.2) than in those treated with pyridoxine (11.9). By the end
of therapy, the mean absolute change in Premenstrual Tension Syndrome
score in each group was 5.1, representing a reduction of 10.1 and 6.8, re-
spectively, for the chaste tree and pyridoxine-treated groups (p < 0.038,
both groups, 95% confidence interval —6.4261 to —0.1670). Therefore no
difference was evident between the two treatment groups. The Clinical
Global Impressions scale showed that 77.1% of the women who received
chaste berry and 60.6% of those treated with pyridoxine showed im-
provement. Adverse events were rare, but included gastrointestinal com-
plaints, skin reactions and transient headache.

Six post-marketing studies assessed the safety and efficacy of various
extracts of the fruit in 8391 female patients with menstrual abnormalities
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or symptoms of premenstrual syndrome (23, 26, 27, 58, 60, 62). Three
open (uncontrolled) trials (24, 26, 59) also investigated the effect of vari-
ous fruit extracts on menstrual abnormalities. The dose ranged from 40—
42 drops or 1 capsule daily, for 1 day to 9 years and the outcomes mea-
sured included the physician’s and patient’s self-assessments. Elimination
of symptoms was observed in 29-42% of patients; improvements in
symptoms were observed in 51-59% of patients and symptoms were un-
changed in 1-10% of patients. Adverse events were reported in 1-5% of
patients and were generally not reported to be serious. The limitations of
these studies include the lack of a control group and the fact that most did
not distinguish between premenstrual syndrome and the other menstrual
disorders.

An open (uncontrolled) clinical trial involving 50 women (43 of whom
completed the study) with late luteal phase dysphoric disorder (Diagnos-
tic and Statistical Manual for Mental Disorders) assessed the effect of an
ethanol fruit extract on the management of premenstrual syndrome (59).
Thirteen of the subjects were concurrently taking oral contraceptives. Af-
ter 2 months of baseline observation, one tablet of the extract was admin-
istered daily for three cycles, followed by a post-treatment phase lasting
three cycles. Treatment effectiveness was evaluated using both the Men-
strual Distress Questionnaire and the visual analogue scale. The Menstru-
al Distress Questionnaire was filled out by patients at the end of the first
cycle and again during cycles 3 and 6. The visual analogue scale was com-
pleted twice per cycle, once in the late luteal phase when symptoms peaked
and once after menstruation during the follicular phase. By the end of the
third cycle, the Menstrual Distress Questionnaire scores were reduced by
42.5% (p <0.001), with a 50% reduction in the score in 20/43 patients. By
the end of the post-treatment period, the scores remained approximately
20% below baseline (p < 0.001). The main improvements following treat-
ment were reported for symptoms of breast tenderness, behavioural
changes, negative feelings and oedema. The average late-luteal phase vi-
sual analogue scale score was reduced by 47.2% during the 3-month treat-
ment phase (p < 0.01), and remained at 21.7% below baseline (p < 0.001)
during the post-treatment phase. By contrast, the follicular phase score
did not significantly change. The number of days with premenstrual syn-
drome symptoms was slightly reduced from 7.5 to 6 days, and the con-
comitant use of oral contraceptives had no significant effect on any of the
parameters investigated. Twenty patients (47%) reported 37 adverse
events during the treatment and post-treatment periods (59).

An open (uncontrolled) study involving 36 women with premenstrual
syndrome assessed the effect of a 58% ethanol extract of the fruit for the
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management of premenstrual syndrome symptoms (24). The women were
treated with 40 drops of the extract daily over three cycles and the out-
comes measured were a reduction in physical and psychological symp-
toms such as headache, swollen breasts, breast tenderness, bloating, fa-
tigue and psychological changes such as increased appetite, sugar craving,
nervousness and restlessness, anxiety, irritability, lack of concentration,
depression, crying spells, mood changes and aggressiveness. The duration
of the luteal phase was also determined. After 3 months of treatment,
69% of women had a reduction in physical symptoms and 80% showed a
reduction in psychological symptoms (p < 0.05). The duration of the luteal
phase was lengthened from 5.4 to 11.4 days. A randomized open (uncon-
trolled) trial assessed a tincture of the fruit (10 g tincture containing
2 g fruit in 53% ethanol) for the treatment of premenstrual syndrome.
Women were treated with 30 drops twice daily in combination with vita-
min E (400 mg daily). Treatment significantly reduced the symptoms of
irritability or anxiety (p = 0.028), breast tenderness (p = 0.0001) and mas-
talgia (p = 0.015) (61).

A randomized single-blind study compared the efficacy of fluoxetine,
a selective serotonin reuptake inhibitor with that of the crude drug (64).
Forty-one patients with premenstrual dysphoric disorder according to
the Diagnostic and Statistical Manual of Mental Disorders were randomly
allocated to the group receiving fluoxetine or that receiving the extract for
2 months. The outcomes measured included the Penn daily symptom re-
port, the Hamilton depression rating scale, and the clinical global impres-
sion severity of illness and improvement scales. After 2 months, 68.4% of
patients had responded to fluoxetine and 57.9% to the crude drug extract.
There was no statistically significant difference between the groups in the
rate of responders. However, fluoxetine was more effective in alleviating
the psychological symptoms, while the extract reduced the physical
symptoms (64).

Effects on lactation

Only one randomized, double-blind controlled trial examined the effect
of the fruit in lactating women (65). Women were treated with the fruit
extract (15 drops three times daily) or vitamin B1 (no dose stated) or as-
signed to the control group (details not stated). Lactation in all groups
increased up to day 10 postpartum; from days 10-20 a decrease in lacta-
tion was observed in women in the control and vitamin B1-treated groups.
Lactation in women in the group treated with the fruit extract increased
or was maintained up to day 20. Lactating women with poor milk pro-
duction treated with a fruit extract were able to effectively increase pro-
duction. No statistical analyses were performed.
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Adverse reactions

Adverse reactions have been reported in some clinical trials. A review of
30 studies involving 11 506 subjects reported a total of 246 adverse events,
thus representing an adverse reaction rate of approximately 2% (4). The
major reactions reported included acne, changes to the menstrual cycle,
dizziness, gastrointestinal distress, increased menstrual flow, nausea, skin
reactions, urticaria and weight gain (4). Minor adverse events include fa-
tigue, hair loss, increased intraocular pressure, palpitations, polyurea,
sweating and vaginitis (4, 57).

Contraindications
Fructus Agni Casti should not be used during pregnancy (35).

Warnings
No information available.

Precautions

General

Patients reporting a feeling of tension and swelling of the breasts or men-
strual disturbances should consult a health care provider for a medical
diagnosis (66).

Drug interactions

Although no interactions have been documented, the reported dopamin-
ergic effect may reduce the efficacy of dopamine-receptor antagonists (3).
Furthermore, due to its potential hormonal effects, Fructus Agni Casti
may interfere with the effectiveness of oral contraceptives and hormone
replacement therapy (67).

Carcinogenesis, mutagenesis, impairment of fertility

Intragastric administration of an ethanol fruit extract to male and female
rats at doses up to 80 times the recommended human daily dose had no
effect on fertility, mating behaviour, pregnancy or lactation (3). No patho-
logical changes were observed in any of the offspring of treated animals
when compared with those animals treated with vehicle control (3).

Pregnancy: non-teratogenic effects
See Contraindications.

Pregnancy: teratogenic effects
Intragastric administration of an ethanol fruit extract to rats and rabbits at
doses up to 100 and 74 times higher than the human daily dose, respec-

24



Fructus Agni Casti

tively, was not teratogenic and did not affect maternal health as compared
with controls (3).

Nursing motbers

One study in rats assessed the effect of a fruit extract administered orally
to lactating dams on their offspring (68). A decrease in milk consumption
in the offspring was observed and a high rate of mortality resulted com-
pared with untreated animals. Normal milk consumption patterns were
resumed in the offspring when the dams were no longer given the extract
(68). No further data are available; therefore the use of the crude drug by
nursing mothers is not recommended.

Paediatric use
No safety data are available, therefore the use of the crude drug in chil-
dren under the age of 12 years is not recommended.

Otber precautions

Estrogen-dependent breast cancer patients should use Fructus Agni Cas-
ti preparations with caution, as weak estrogenic effects have been reported
in vitro (45, 46).

Dosage forms

Crude drug, extracts, fluidextracts, tinctures and infusions. The dried ber-
ries should be stored in airtight non-plastic containers and protected from
light, heat, moisture and insect infestation (4).

Posology

(Unless otherwise indicated)

Dry native extract: 8.3-12.5:1 (w/w), approximately 1.0% casticin: 1 tablet
containing 2.6—4.2 mg native extract, swallowed whole with some liquid each
morning (4).

Dry native extract: 9.58-11.5:1 (w/w): 1 tablet containing 3.5-4.2 mg na-
tive extract each morning with some liquid (22).

Dry native extract: 6.0-12.0:1 (w/w), approximately 0.6% casticin. For
premenstrual syndrome: 1 tablet containing 20 mg native extract daily
with water (63).

Fluidextract: 1:1 (g/ml), 70% alcohol (v/v): 0.5-1.0 ml (9).

Tincture: ethanol 58% (100 g of aqueous-alcoholic solution contains 9 g
of 1:5 tincture): 40 drops, once daily with some liquid each morning (4).
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Tincture: ethanol 53% (10 g of the solution contains 2 g crude drug moth-
er tincture): 30 drops twice daily (25, 28, 34).

Tablet: containing 162 mg of crude drug mother tincture (1:10 with 62%
ethanol), twice daily (57).

Hydroalcoholic extracts (50-70% v/v): corresponding to 30-40 mg dried
fruit (4, 69).
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Cortex Berberidis

Definition

Cortex Berberidis consists of the dried stem bark of Berberis vulgaris L.
(Berberidaceae) (1, 2).

Synonyms
No information was found.

Selected vernacular names

Agracejo, aigret, aigribouet, almindelig berberis, ameer Paris, anbarba-
ris, barberry, berberi, Berberitze, berbero, berberry, berbis, cigret, cigre-
tier, common barberry, crespino, crespino commune, epine-vinette, es-
pino cambrén, European barberry, Gemeiner Sauerdorn, harilik
kukerpuu, jaundice-berry, khichirma, kirsing, libdane, oad alreeah, pip-
rage, pipperidge, Rocky Mountain grape, salq, Sauerdorn, skerpa, snow-
berry, surtorn, tarab, trailing mahonia, uqdah, vincllier, venittier, zerk,
zereshk (1, 3-5).

Geographical distribution
Found in Europe and North Asia, and naturalized in North America (2, 5).

Description

An erect, deciduous, heavily branched thorny shrub, up to 2 metres high.
The thorny branches are angular, deeply grooved, initially brownish-
yellow, later becoming grey-white. The thorns are 1-2 cm long and pro-
trude horizontally. The leaves are compound, obovate to elliptoid 2-4 cm
long, and bear leaflets with dentate margins and spine. The flowers are
5-7 cm long in yellow, dense, hanging clusters. Sepals (6) are yellow and
petals (6) are orange at the base. Ovary is superior with a flat stigma. The
edible fruit is a bright, scarlet, oblong-cylindrical berry, 10-13 mm long
and 6 mm thick, containing 2 seeds. The exocarp is membranous-coria-
ceous (5, 6).
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Plant material of interest: dried stem bark

General appearance

Crude drug may be small, flat and irregular shaped, up to 2.0 mm thick,
or curved pieces up to 0.5 mm thick; outer surface dark yellowish-grey
with shallow, longitudinal furrows, or thicker pieces with deeper cracks
and fissures. Occasionally, black apothecia of lichens are present. Inner
surface dark yellow to brown, distinctly longitudinally striated and glis-
tening, frequently with patches of paler yellow wood attached. Fracture
in the outer part is short, and readily separates, but fracture in the inner
part is fibrous (7, 5).

Organoleptic properties
Odour: faint aromatic; taste: bitter and imparts a yellow colour to the
saliva (7).

Microscopic characteristics

Outer rhytidome consists of successive areas of thin-walled, lignified cork
cells alternating with dark yellowish-brown areas of dead cortex and sec-
ondary phloem. The secondary phloem contains tangential bands of fi-
bres, usually one or two cells wide, alternating with wider bands of sieve
tissue and separated by medullary rays, 2—4 cells wide. The phloem fibres
are small, yellow, thick walled and lignified with very numerous, con-
spicuous pits. Phloem consists of narrow sieve tubes and small-celled pa-
renchyma cells. Many of the medullary ray cells contain one or occasion-
ally two large prism crystals of calcium oxalate per cell. Other medullary
ray cells contain starch granules and some medullary ray cells, especially
those adjacent to the phloem fibres, will develop into stone cells with
moderately thickened walls (7).

Powdered plant material

Yellowish-brown, containing fragments of thin-walled, lignified, poly-
gonal cork cells; abundant short, yellow fibres occurring singly or in
small groups with thick, lignified walls and very numerous pits; thin-
walled sieve tubes and associated parenchyma; prism crystals of calcium
oxalate in medullary ray cells and scattered, individual crystals, occa-
sionally twinned; small, simple starch granules, rounded to ovoid;
groups of rectangular stone cells with moderately thickened walls and
numerous pits; abundant groups of yellowish-brown crushed paren-
chyma; occasional lignified fibres and vessels from the adherent
xylem (7).
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General identity tests
Macroscopic and microscopic examinations as well as thin-layer chroma-
tography (7).

Purity tests
Microbiology

Tests for specific microorganisms and microbial contamination limits are
as described in the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (7).

Chemical

To be established according to national requirements.

Foreign organic matter
Not more than 2% (7).

Total ash
Not more than 10% (7).

Acid-insoluble ash
Not more than 2.5% (1).

Water-soluble extractive
Not less than 12% (7).

Alcobol-soluble extractive
To be established in accordance with national requirements.

Loss on drying

To be established in accordance with national requirements.

Pesticide residues

The recommended maximum sum limit of aldrin and dieldrin is not more
than 0.05 mg/kg (8). For other pesticides, see the European pharmaco-
poeia (8) and the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (7) and pesticide resi-
dues (9).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO
guidelines on assessing quality of herbal medicines with reference to con-
taminants and residues (7).
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Radioactive residues
Where applicable, consult the WHO guidelines on assessing quality of
herbal medicines with reference to contaminants and residues (7).

Chemical assays

To be established according to national requirements. Since the major
constituents are berberine and related alkaloids, the high-performance
liquid chromatography method of analysis established for berberine in
Rhizoma Hydrastis (10) may be employed for standardization.

Major chemical constituents

The major constituents are isoquinoline alkaloids, principally berberine,
occurring at a concentration up to 4.5%. Other major alkaloids include
oxyacanthine (0.04%), berbamine (0.6-1.2%), columbamine (0.3%), ja-
trorrhizine (0.4%) and magnoflorine (2.1%) (11-13). Structures of ber-
bamine, berberine, columbamine, jatrorrhizine and magnoflorine are pre-
sented below.

Berbamine

Jatrorrhizine OCHjz H5CO
OH
HO O N:_CH:;
- e ot

HO
Z N O
HsCO .
¢ HsCO Magnoflorine

OCHj3

Medicinal uses
Uses supported by clinical data

None.
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Uses described in pharmacopoeias and well established documents
Used orally for the treatment of digestive complaints, such as dyspepsia,
diarrhoea, gastritis, feelings of distention and flatulence (7).

Although no clinical trials evaluating Cortex Berberidis have been
conducted, the most relevant active principle is known to be berberine.
Berberine has been shown to be effective for the treatment of bacterially-
induced diarrhoea (14-20), ocular trachoma (21) and cutaneous leishma-
niasis (22-25).

Uses described in traditional medicine

Used orally for the treatment of cystitis, dysmenorrhoea, eczema, fever,
haemorrhoids, inflammation, menorrhagia, nasal congestion, rheuma-
tism, tinnitus and vaginitis (4, 26, 27). Also used as a cholagogue, diuretic,
emmenagogue, haemostat, laxative and a tonic (4).

Pharmacology

Since no clinical studies have directly evaluated Cortex Berberidis for any
therapeutic effect and there have been very few pharmacological studies
on extracts of the bark, this section focuses on the pharmacology and
clinical studies of the major alkaloid constituents, particularly berberine.
The correlation of these data with the activity of the crude drug or ex-
tracts thereof requires further investigation.

Experimental pharmacology

Antidiarrhoeal activity
In vitro, Vibrio cholerae grows in a medium containing berberine, but
fails to produce diarrhoea-inducing toxins (28). It has been hypothesized
that the antidiarrhoeal activity of berberine is due to localized effects on
the intestinal tract and not to bactericidal activity. The suggested mecha-
nism by which berberine exerts this action is through the activation of
a,-adrenoceptors and by reducing cyclic adenosine monophosphate pro-
duction through the inhibition of the activity of adenylate cyclase (29),
which in turn decreases intestinal motility (30). Berberine inhibits in vivo
and in vitro intestinal secretions induced by cholera toxin (37-34).
Berberine, at a concentration of 10.0 mg/loop, reduced intestinal se-
cretion stimulated by the heat-labile toxin of Escherichia coli in the ligated
rabbit intestine loop model by 70% in situ, and inhibited the secretory
response of the heat stable toxin of E. coli in mice (35, 36). Berberine, at
concentrations up to 500 pM, stimulated ion transport responses in hu-
man colonic mucosa that were non-specific for calcium ions or cyclic ad-
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enosine monophosphate-mediated signals. In cultured intestinal epithelial
monolayers, berberine inhibits calcium and cyclic adenosine monophos-
phate-mediated responses, indicating that the drug exerts a direct anti-
secretory effect on the epithelial cells through the inhibition of mucosal
chloride secretion (37).

Anti-inflammatory activity

Treatment of mice with berberine, at a dose of 10.0 mg/kg body weight
(bw) for 3-12 days, inhibited the development of adjuvant-induced ar-
thritis (38). Berberine, administered to mice at a dose of 10.0 mg/kg bw,
inhibited serotonin-induced hind paw oedema (26). Berberine also pos-
sessed dose-dependent antinociceptive activity, which was assessed by the
inhibition of 1,4-benzoquinone-induced writhing movements as well as
antipyretic activity in animals with increased rectal temperature (26). In-
tragastric administration of berberine at a dose of 7.5 or 15.0 mg/kg bw to
rats with trinitrobenzene sulfonic acid-induced colitis reduced histologi-
cal lesions, morphological damage and myeloperoxidase activity after
1 week of treatment (39).

In in vitro studies, berberine also inhibited the production of the in-
flammatory cytokine interleukin-8 in rectal mucosal cells at a concentra-
tion of 10° M (39). Treatment of a human oesophageal squamous cell car-
cinoma cell line, YES-2, with berberine (8.0-32.0 pM) for 24 hours reduced
the expression of messenger ribonucleic acid for the inflammatory cy-
tokine interleukin-6 (40).

The anti-inflammatory properties of an ethanol extract of the bark,
three alkaloid fractions, the major alkaloid berberine, and oxyacanthine
isolated from the crude drug were assessed after intragastric administra-
tion to mice at various doses (41). The outcome assessed was a reduction
in the acute inflammatory response in the carrageenan- and zymosan-in-
duced hind paw oedema model. The results indicated that ethanol extract
had the greatest anti-inflammatory effects. The ability of the ethanol ex-
tract to alter in vivo and in vitro complement activity was also determined
in mice. The ethanol extract also reduced chronic inflammation in this
model of adjuvant arthritis. The protoberberine fractions Bv2, Bv3 and
berberine suppressed a delayed-type hypersensitivity reaction. Fraction
Bv1 and berberine diminished antibody response in mice (41).

Antiplatelet effects

Berberine significantly inhibited rabbit platelet aggregation induced by
adenosine diphosphate, arachidonic acid, collagen or calcium ionophore
A23187 (p < 0.01) (42). In vitro, berberine significantly inhibited synthe-
sis of thromboxane A, in rabbit platelets induced by adenosine diphos-
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phate, arachidonic acid or collagen, in which collagen-induced throm-
boxane A, synthesis was also inhibited (42). In vivo, the plasma
prostacyclin level was reduced by 34.6% during a 30-min period after
intravenous administration of 50.0 mg/kg bw of berberine to rabbits.
These results suggest that berberine inhibits arachidonic acid metabolism
in rabbit platelets and endothelial cells at two or more sites: cyclooxyge-
nase in the arachidonic acid cascade and possibly the enzyme(s) for arachi-
donic acid liberation from membrane phospholipids (42).

Antimicrobial activity

A methanol extract of the bark and berberine inhibited the growth of
Helicobacter pylori in vitro. Berberine inhibited the growth of 15 strains
of H. pylori, with a minimum inhibitory concentration of 12.5 pg/ml
(range 0.78-25.0 pg/ml) (43). The antibacterial activity of berberine against
Staphylococcus anreus at a sub-inhibitory dose was potentiated by the fla-
vones chrysosplenol-D and chrysoplenetin, from Artemisia annua. The
potentiation is due to the inhibition of an S. aureus multidrug resistance
pump (44). Berberine had a minimum inhibitory concentration of 25—
50 pg/ml against S. anreus and Mycobacterium smegmatis (45, 46). The
antimicrobial activity of berberine was evaluated against 17 microorgan-
isms including two Gram-negative bacteria, Psexdomonas aernginosa and
Escherichia coli (both resistant and sensitive), two Gram-positive bacte-
ria, Bacillus subtilis and S. aureus, Zoogloea ramigera, six filamentous
fungi, Penicillium chrysogenum, Aspergillus niger, Aureobasidium pullu-
lans (black and white strain), Trichoderma viride (original green strain
and brown mutant), Fusarium nivale, Microsporum gypsewm and two
yeasts, Candida albicans and Saccharomyces cerevisiae (47).

The results demonstrated that the minimum inhibitory concentration,
minimum microbicidal concentration and minimum microbistatic con-
centrations varied considerably depending on the microorganism tested.
In general, the sensitivity of the microorganisms to berberine in decreas-
ing order was as follows: S. aureus > P. aeruginosa S (sensitive) > E. coli
(sensitive) > P. aeruginosa R (resistant) > E. coli (resistant) > B. subtilis
> Z. ramigera > C. albicans > S. cerevisiae > A. pullulans > T. viride
(brown) > M. gypseum > A. niger > F. nivale > P. chrysogenum
> T. viride (green).

Berberine weakly inhibited the growth of Bacillus subtilis and Salmo-
nella enteritidis in vitro at a concentration of 1 mg/ml and 0.5 mg/ml, re-
spectively (48). Berberine also weakly inhibited the growth of Clostridi-
um perfringens in vitro (150 pg/ml), and, at a concentration of 1.0 mg/ml,
weakly inhibited the growth of Entamoeba histolytica, Giardia lamblia
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and Trichomonas vaginalis and induced morphological changes in the
parasites (49).

Cardiovascular effects

Berberine has been reported to have protective effects against cardiac ar-
rhythmias and severe congestive heart failure (50-52). This physiological
effect is due to the ability of berberine to prolong action potential dura-
tion and inhibit the inward rectifier potassium current and outward de-
layed rectifier potassium current (50-100 pM). Berberine has also been
shown to inhibit the human ether-a-go-go-related channel expression in
Xenopus oocytes (median effective dose was 95 pM). In rats, Langendorff
perfusion of an isolated heart was performed using verapamil to bring
aboutacute heart failure. Treatment of the heart with berberine (10 pmol/1)
before the use of verapamil significantly reduced the degree of heart fail-
ure as compared with the control group (p < 0.001) (52).

Effects on smooth muscle

Berberine, at a concentration of 1 pM, relaxed norepinephrine-precon-
tracted isolated rat aorta strips (53). Berberine induced relaxation in iso-
lated precontracted rat mesenteric arteries at a concentration of 10° M
(54, 55). At a concentration of 0.1-100 pM, berberine suppressed basal
tone and induced a concentration-dependent relaxation of phenyleph-
rine-precontracted rabbit corpus cavernosum in vitro (56). Intracavern-
ous injection of berberine to anaesthetized rabbits at a dose of 5.0 mg/kg
increased intracavernosal pressure from 12.7 to 63.4 mmHg, and the du-
ration of tumescence ranged from 11.5 to 43.7 minutes (56). Berberine
inhibited norepinephrine and phenylephrine-induced contractions in
prostate strips isolated from rabbit (57).

The effects and mechanism of berberine on the intracellular free calci-
um concentration in the smooth muscle cells of guinea-pig colon were
assessed in vitro using bi-wavelength spectrophotometry in suspensions
of these cells. In the resting state, berberine had no significant effects on
free calcium concentration, but inhibited the increase in free calcium lev-
els induced by 60 mm potassium chloride in a concentration-dependent
manner. The median inhibitory concentration was 34.09 pM. At concen-
trations of 30 and 100 pM, berberine inhibited the elevation of free calci-
um evoked by 10 pM of acetylcholine in the presence or absence of extra-
cellular calcium. These data suggest that berberine inhibits the influx of
extracellular calcium and calcium release from intracellular stores in the
smooth muscle cells of colon, indicating that berberine may be a calcium
channel blocker (58).
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Immunological effects

Berberine inhibited the proliferation of mouse spleen cells induced by T-
dependent mitogens (concanavalin A) and phytohaemagglutinin. Spleen
cells were obtained from mice treated with berberine at a dose of 10.0 mg/
kg bw for 3 days (38).

Intragastric administration of an extract of the cortex to rats for 6 weeks
increased production of antigen-specific immunoglobulin M (59). Intra-
peritoneal administration of berberine to mice, at a daily dose of 10.0 mg/
kg bw for 3 days before the induction of tubulointerstitial nephritis, sig-
nificantly (p = 0.001) reduced pathological injury and improved renal
function, as well as decreasing the number of CD3+, CD4+ and CD8+
T-lymphocytes as compared with controls (60).

Miscellaneous activity

Intraperitoneal administration of 150.0 mg/kg bw of cyclophosphamide
caused serious haemorrhagic cystitis in rats after 12 hr, including bladder
oedema, haemorrhage and dramatic elevation of nitric oxide metabolites
in urine and in plasma. Rats were pretreated with one or two doses of
berberine at 50.0, 100.0 or 200.0 mg/kg bw intraperitoneally then chal-
lenged with cyclophosphamide (150 mg/kg, intraperitoneally). The re-
sults indicated that pretreatment of rats with berberine reduced cyclo-
phosphamide-induced cystitis in a dose-dependent manner. Furthermore,
two doses of berberine showed greater protection against cyclophosph-
amide urotoxicity than a single dose. In addition, a single dose of 200.0 mg/
kg bw berberine, or two doses of 100.0 and two doses of 200.0 mg/kg bw
berberine could completely block cyclophosphamide-induced bladder
oedema and haemorrhage, as well as the increase in nitric oxide metabo-
lites in rat urine and plasma (67).

Toxicology

The oral median lethal dose of berberine in mice was 329 mg/kg bw (62).
Oral administration of berberine (2.75 g) to dogs produced severe gastro-
intestinal irritation, profuse watery diarrhoea, salivation, muscular tremors
and paralysis. Respiration was not affected. Postmortem analysis of the
intestines found them to be contracted, inflamed, and empty or containing
mucous and watery fluid. An oral dose of 25.0 mg/kg bw of berberine sul-
fate induced depression lasting for 6 to 8 hours; 50 mg/kg bw caused sali-
vation and sporadic emesis. A dose of 100.0 mg/kg bw induced persistent
emesis and death of all animals 8-10 days later (62). Pretreatment of ro-
dents with a single oral dose of berberine (4.0 mg/kg bw) induced pro-
longation of the pentobarbital (60 mg/kg bw, intraperitoneally)-induced
sleeping time as well as increased strychnine (0.3 mg/kg bw, intraperiton-
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eally)-induced toxicity, suggestive of an inhibitory effect on microsomal
drug metabolizing enzymes, cytochrome P450 isozymes (63).

Uterine stimulant effects

A hot aqueous extract of the bark (alkaloid free) stimulated contractions in
isolated guinea-pig uteri at a concentration of 1:200 (1 ml extract in 200 ml
bath medium) (64, 65). A 70% ethanol extract of the crude drug inhibited
spontaneous, oxytocin- or serotonin-induced contractions in isolated rat
uteri, with a median inhibitory concentration range of 10.0-19.9 pg/ml (66).

Clinical pharmacology

Berberine has demonstrated efficacy for the treatment of secretory diar-
rhoea (14-20). However, the quality of the trials was limited by a lack of
positive controls. Few studies have compared the efficacy of berberine
with that of tetracycline for the treatment of fluid loss caused by diarrhoea
in patients with cholera or in non-cholera diarrhoea (14, 15, 17, 62).

In a randomized, double-blind, placebo-controlled clinical trial in-
volving 400 patients with acute watery diarrhoea, the antisecretory and
vibriostatic effects of berberine and tetracycline were evaluated (74). In
this study of 185 patients with cholera, oral administration of tetracycline
or tetracycline and berberine, at a dose of 100.0 mg orally four times daily,
reduced the stool volume and frequency, as well as the duration of diar-
rhoea. In the berberine-treated group, together with a reduction in stool
volume, a 77% reduction in the concentration of cyclic adenosine mono-
phosphate in the stool was observed. Neither berberine nor tetracycline
exhibited any benefit over placebo in patients with non-cholera diarrhoea
of unspecified etiologies (14).

A randomized comparison-controlled trial involving 165 patients as-
sessed the antisecretory activity of berberine sulfate for enterotoxigenic
Escherichia coli-induced diarrhoea. Patients received either 400.0 mg of
berberine as a single oral dose or 1200 mg of berberine sulfate (400.0 mg
every 8 hours) for the treatment of cholera (17). In patients with Escheri-
chia coli-induced diarrhoea who received a single oral dose of berberine,
the mean stool volumes were significantly (p < 0.05) reduced over those
of controls during three consecutive 8-hour periods after treatment. At
24 hours after treatment, more of the patients who were treated with ber-
berine and had Escherichia coli-induced diarrhoea, had less diarrhoea than
controls (42% versus 20%, p < 0.05). Patients with diarrhoea due to Vi-
brio chlolerae who received 400.0 mg of berberine had a reduction in stool
volume, but those treated with 1200 mg of berberine plus tetracycline did
not. No adverse effects were observed in the patients receiving berberine.
The results of this study indicated that berberine was an effective and safe
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antisecretory drug for treatment of Escherichia coli-induced diarrhoea,
but had only a modest antisecretory effect in cholera patients, in whom
the activity of tetracycline alone was superior (17).

A clinical study was conducted in primary-school children with ocular
trachoma. Ninety-six children with this disease were selected for a blind-
ed study. Patients were advised to instil the drops containing 0.2% ber-
berine into the eye three times daily and to apply an ointment containing
0.2% berberine at bedtime to both eyes for a period of 3 months. The
comparison drugs tested were berberine drops plus 0.5% neomycin oint-
ment at bedtime; 20% sodium sulfacetamide drops with 6% sodium sulf-
acetamide ointment at bedtime, or placebo (normal saline) drops. The
children treated with berberine had a response rate of 87.5%, whereas
those treated with berberine and neomycin had a response rate of 58.83%.
The study showed that 83.88% were clinically cured but only 50% be-
came microbiologically negative when treated with berberine alone (21).

Berberine has been used therapeutically for the treatment of cutaneous
leishmaniasis, commonly referred to as “oriental sore”, by subcutaneous
injection of berberine near the site of the lesion (22-24). In patients with
cutaneous leishmaniasis caused by Leishmania tropica, injection of a
preparation containing 2% berberine into lesions was an effective treat-
ment (22, 23).

Pharmacokinetics and pharmacodynamics

In animal models, berberine has poor bioavailability because it is a qua-
ternary ammonium compound. It has been suggested that the poor bio-
availability of berberine may be due to the activation of P-glycoprotein
(67). In an investigation on enhancing its bioavailability, the effect of P-
glycoprotein inhibitors cyclosporin A, verapamil and the monoclonal
antibody C219 were investigated using in vivo and in vitro models of
intestinal absorption to determine the role of P-glycoprotein in berberine
absorption (57). In the rat re-circulating perfusion model, berberine ab-
sorption was improved sixfold by co-administration of P-glycoprotein
inhibitors. In the rat intestinal sac model, berberine serosal-to-mucosal
transport was significantly decreased by cyclosporin. In Ussing-type
chambers, the rate of serosal-to-mucosal transport across rat ileum was
threefold higher than in the reverse direction and was significantly de-
creased by cyclosporin. In Caco-2 cells, berberine absorption was signifi-
cantly increased by P-glycoprotein inhibitors and by monoclonal anti-
body C219. P-glycoprotein appears to contribute to the poor intestinal
absorption of berberine, indicating that P-glycoprotein inhibitors could
be of therapeutic value by improving its bioavailability (57).
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The pharmacokinetics of berberine were assessed by high-performance
liquid chromatography coupled to microdialysis to determine the con-
centration of unbound berberine in rat blood, liver and bile (68). Micro-
dialysis probes were simultaneously inserted into the jugular vein towards
the right atrium, the median lobe of the liver and the bile duct of rats for
biological fluid sampling after administration of berberine, at a dose of
10 mg/kg bw, through the femoral vein. A linear concentration—response
relationship was observed over the concentration range 0.05-50.0 pg/ml.
The results demonstrated that the disposition of berberine occurred in the
blood, liver and bile fluid. These data indicate that berberine is metabo-
lized in the liver and undergoes hepatobiliary excretion (68).

The structures of the unknown metabolites of berberine were deter-
mined after isolation of the compounds from the urine of five volunteers.
Each of the volunteers was given an oral dose of berberine chloride, 0.9 g
per day, for 3 days. Metabolites in urine samples were isolated and puri-
fied by polyporous resin column chromatography and identified by elec-
trospray ionization mass spectroscopy and proton nuclear magnetic reso-
nance spectroscopy. The three major unknown metabolites (M1, M2 and
M3) were isolated and identified as jatrorrhizine-3-sulfate, demethylene-
berberine-2-sulfate and thalifendine-10-sulfate (50).

Toxicology and overdose

Following accidental ingestion by humans of more than 500 mg of ber-
berine, lethargy, nosebleeds, dyspnoea, and skin and eye irritation may
occur. In addition, kidney irritation, nephritis and lethal poisoning have
been reported. Disturbances of the gastrointestinal tract with nausea,
vomiting and diarrhoea have also been observed (69).

Adverse reactions
No information found.

Contraindications
Cortex Berberidis is contraindicated in patients with hypersensitivity or
allergy to the plant material.

Warnings

Exposure of patients to sunlight or artificial light sources emitting UVA
should be avoided when topical preparations derived from the crude drug
or berberine are applied (70).
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Precautions

General
Use with caution in patients with high blood pressure, diabetes, glaucoma
or a history of cardiovascular disease.

Drug interactions

Berberine is reported to upregulate the expression of the human multi-
drug resistance gene coding for multidrug resistance transporter (PGP-
170); thus the treatment of tumours with berberine may result in reduced
retention of chemotherapeutic agents such as paclitaxel (71, 72). Berberine
has been reported to interact with cyclosporin in renal transplant patients
(73). Blood concentrations of cyclosporin were enhanced by 75% after
co-administration of berberine hydrochloride in renal transplant patients,
but this did not increase the toxicity of cyclosporin (73).

Drug and laboratory test interactions
None reported.

Carcinogenesis, mutagenesis, impairment of fertility

The genotoxic effects of berberine in prokaryotlc cells were assessed in
the SOS chromotest in Saccharomyces cerevisiae (74). No genotoxic activ-
ity with or without metabolic activation was observed, and no cytotoxic
or mutagenic effects were seen under nongrowth conditions. However, in
dividing cells, the alkaloid induced cytotoxic and cytostatic effects in pro-
ficient and repair-deficient Saccharomyces cerevisiae. In dividing cells, the
induction of frameshift and mitochondrial mutations, as well as crossing
over, showed that the compound is not a potent mutagen (74).

Pregnancy: teratogenic effects
No information was found.

Pregnancy: non-teratogenic effects
Due to a lack of safety data, the use of the crude drug during pregnancy is
not recommended.

Nursing motbers
Due to a lack of safety data, the use of the crude drug during breastfeed-
ing is not recommended.

Paediatric use
Due to a lack of safety data, the use of the crude drug in children under
the age of 12 years is not recommended.
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Dosage forms
Crude drug and dried extracts, fluidextracts, and tinctures (1, 75). Store in
a tightly sealed container away from heat and light.

Posology

(Unless otherwise indicated)

Daily dose: crude drug 0.5-1.0 g three times daily, or by decoction; liquid
extract 1:1in 60% ethanol, 0.3-1.0 ml three times daily; tincture 1:10 60%
ethanol, 2—4 ml three times daily (7).
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Gummi Boswellii

Definition

Gummi Boswellii consists of the dried gum resin of Boswellia serrata
Roxb. ex Colebr. (Burseraceae) (7).

Synonyms
Boswellia glabra Roxb., B. thurifera (Colebr.) Roxb. (2, 3).

Selected vernacular names

Alberodell’incenso, anduga, arbore a encerns, boswellia, boswellie-dent-
elee, chilakdupa, dhupelio, dhup-gugali, dhupdo, fan hun hsiang, fan hun
shu, gajabhakshya, gandhabiroz, gobahr shalla, gugal, guggul, guggula,
husn-e-lubban, Indian frankincense tree, Indian olibanum, Indischer-
weihrauch, kapitthaprani, kondagugi tamu, kondor, koonkanadhoopam,
kundre, kundrikam, kundur, kundur luban, kunduru, kunthreekan, kun-
turukkam, labana, loban, loban zakar, lobhan, luban, luban-dacar-hindi,
luban dhakar, maddi, madi, madimar, pahadi, parangisambrani, parang-
isampirani, saladi, salai, Salaibaum, salai cha dink, salai gonad, salai gug-
gal, salakhi, saleda, saledhi, saledo, salgai, sallaki, sambrani, samprani,
sanlaki, shaledum, shallaki, susrava, tallaki, vishesha dhoop, visheshdhup,
zarw (1, 2,4-7).

Geographical distribution
Native to India (3, 6, 7).

Description

A medium to large deciduous tree, up to 18 m in height and 2.4 m in girth.
Leaves imparipinnate, leaflets ovate or ovate-lanceolate, variable. Flowers
small, white, in axillary racemes or panicles. Drupes 12 mm long, trigo-
nous, scarlet when young, turn white at maturity. Bark thick and aro-
matic. When cut, a secretion exudes and becomes gum-like after exposure
to air (1, 2, 7).
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Plant material of interest: dried gum-resin

General appearance

The gum solidifies slowly with time. It is reddish brown, greenish yellow, or
dull yellow to orange in colour. It occurs in small, ovoid, fragrant tears. Some-
times the tears form agglomerated masses up to 5 cm long and 2 cm thick.
Fracture is brittle, fractured surface is waxy and translucent. Burns readily
and emanates an agreeable characteristic balsamic resinous odour (7, 2).

Organoleptic properties
Odour: aromatic, characteristically balsamiferous; taste: agreeable (7, 2).

Microscopic characteristics

Debris of fibres, rectangular cork cells, very few yellowish oil globules
and numerous, small or large, oval to round or rhomboidal crystalline
fragments present (2).

Powdered plant material
Not applicable.

General identity tests

Macroscopic examinations (I, 2), microchemical and fluorescence tests
and thin-layer chromatography (1), high-performance liquid chromatog-
raphy (8, 9) and gas chromatography-mass spectrometry for the presence
of boswellic acids (10), as well as gas chromatography—mass spectrometry
analysis for volatile and semi-volatile terpenes (11).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are
as described in the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (12).

Foreign organic matter
Not more than 5% (7).

Total ash
Not more than 10% (7).

Acid-insoluble ash
Not more than 8% (7).

Water-soluble extractive
Not less than 28% (1).
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Alcobol-soluble extractive
Not less than 45% (1).

Loss on drying

To be established in accordance with national requirements.

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more
than 0.05 mg/kg (13). For other pesticides see the European Pharmaco-
poeia (13) and the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (72) and pesticide
residues (14).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO
guidelines on assessing quality of herbal medicines with reference to con-
taminants and residues (12).

Radioactive residues
Where applicable, consult the WHO guidelines on assessing quality of
herbal medicines with reference to contaminants and residues (12).

Chemical assays
To be established in accordance with national requirements.

Major chemical constituents

Contains 5-9% essential oil with major constituents being o.-thujene (50—
61%), sabinene (5%), a-pinene (8%) and o-phellandrene (2%). Major
triterpene constituents of biological interest are members of the boswellic
acids (more than 12) including 11-oxo-B-boswellic acid, 3-O-acetyl-11-
oxo-B-boswellic acid, o-boswellic acid, B-boswellic acid, 3-O-acetyl-a-
boswellic acid, and 3-O-acetyl B-boswellic acid (3, 15-17). The structures
of representative boswellic acids are presented below.

Medicinal uses
Uses supported by clinical data

Orally for the management of arthritis, bronchial asthma, Crohn’s disease
and ulcerative colitis (18-22).

Uses described in pharmacopoeias and well established documents
Orally for the treatment of rheumatism and arthritis (7, 2, 23).
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H3C  CHj

o-Boswellic acid
R=H

3-0O-Acetyl-a-boswellic acid
R = CO-CHj

B-Boswellic acid
R=H X=H,
3-O-Acetyl-B-boswellic acid
R=CO-CH; X=H,
11-Oxo-B-boswellic acid
R=H X=0
3-O-Acetyl-11-oxo-B-boswellic acid
R=CO-CH; X=0

Uses described in traditional medicine
Treatment of abdominal pain, asthma, coughs, dysentery, fever, jaundice,
kidney stones, pimples, sores and stomach disorders (5). Also used as an
antivenin and an emmenagogue (24, 25).

Pharmacology

Experimental pharmacology

Analgesic activity

Intragastric administration of the gum at doses ranging from 100.0-
500.0 mg/kg body weight (bw) had no analgesic effects in dogs, rabbits or
rats (26-28). However, administration of a non-phenolic fraction of the
crude drug produced analgesia in 60% of rats treated with a dose of
60.0 mg/kg bw. A dose of 150.0 mg/kg bw induced analgesia in 70% of
rats (29). The degree of analgesia was comparable to a dose of 3—4.5 mg/
kg bw of morphine. A dose of 150.0 mg/kg bw also caused a 70% reduc-
tion in spontaneous motor activity that lasted for 2 hours (29).

Anticomplementary activity

Boswellic acids exhibited anticomplementary activity in vitro, as assessed
by the reduction of immune-induced haemolysis of antibody-coated
sheep erythrocytes by pooled guinea-pig serum (30). The decrease in im-
mune-induced haemolysis was due to inhibition of C3-convertase of the
classical complement pathway. The threshold concentration for inhibit-
ing C3-convertase was found to be 100.0 pg/ml (30).
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Anti-inflammatory activity

The anti-inflammatory activity of an aqueous extract of the crude drug
was assessed in vivo. The extract significantly inhibited both the maximal
oedema response and the total oedema response during 6 hours of carra-
geenan-induced rat paw oedema (37). Intragastric administration of the
gum or an aqueous methanol extract of the gum (9:1) to rats, at a dose of
50.0-200.0 mg/kg bw reduced carrageenan- or adjuvant-induced pedal
oedema by 34-73% (26, 32). An ethanol extract of the crude drug, admin-
istered at a dose of 50.0-200.0 mg/kg bw, exhibited anti-inflammatory
activity in carrageenan-induced oedema in rats and mice and dextran-in-
duced oedema in rats (28). The extract also had considerable anti-arthritic
activity but no significant effect was observed in the cotton pellet-induced
granuloma test. Treatment with the extract inhibited inflammation-in-
duced increase in serum transaminase levels and leukocyte counts, but
lacked any analgesic or antipyretic effects in rats (28).

The anti-inflammatory effects of the crude drug and boswellic acids
were assessed in rats with adjuvant-induced arthritis. The animals were
treated with 100.0 mg/kg bw of the crude drug or 200.0 mg/kg bw of bos-
wellic acid administered by gastric lavage for 2 weeks (33). The activity of
B-glucuronidase was used to assess lysosomal stability, which is an im-
portant factor in the arthritic syndrome. Induction of arthritis reduced
lysosome stability, but treatment with either the extract or boswellic acid
increased stability and had a protective effect on lysosomal integrity (33).
Specific boswellic acids inhibit elastase in leukocytes, inhibit prolifera-
tion, induce apoptosis and inhibit topoisomerases of leukaemia and glio-
ma cell lines (23).

A methanol extract of the crude drug, containing boswellic acids and
their structural derivatives, was applied topically to the backs of mice to
determine its anti-inflammatory effects (23). The treatment markedly in-
hibited 12-O-tetradecanoylphorbol-13-acetate-induced skin inflamma-
tion, epidermal proliferation, the number of epidermal cell layers and tu-
mour promotion in 7,12-dimethylbenz[a]anthracene-initiated mice.
Feeding 0.2% of crude drug in the diet to CF-1 mice for 10-24 weeks
reduced the accumulation of parametrial fat pad weight under the abdo-
men, and inhibited azoxymethane-induced formation of aberrant crypt
foci by 46% (22).

Boswellic acids (15.0 pg/ml) inhibit the biosynthesis of the pro-inflam-
matory leukotrienes in neutrophilic granulocytes by a non-redox, non-
competitive inhibition of 5-lipoxygenase, an enzyme in the pro-inflamma-
tory arachidonic acid cascade (34-36). The extract and its derivatives
caused a concentration-dependent decrease in the formation of leukotriene
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B4 from endogenous arachidonic acid in rat peritoneal neutrophils in vitro
(37). Acetyl-11-keto-B-boswellic acid induced the most pronounced inhi-
bition of 5-lipoxygenase product formation, with a mean inhibitory con-
centration (IC, ) of 1.5 pM. However, boswellic acid in concentrations of
up to 400.0 pM did not inhibit cyclooxygenase or 12-lipoxygenase in iso-
lated human platelets, or peroxidation of arachidonic acid by Fe-ascorbate.
These data suggest that boswellic acids are specific, nonreducing-type in-
hibitors of the 5-lipoxygenase product formation either interacting direct-
ly with the 5-lipoxygenase or blocking its translocation (37). 3-O-acetyl-
11-keto-B-boswellic acid is the most potent inhibitor of 5-lipoxygenase.
In vitro, 3-oxo-tirucallic acid inhibited 5-lipoxygenase product synthesis
in cell-free assays, with an IC,, of 3 pM, but in intact cells enhanced 5-li-
poxygenase product formation in ionophore-challenged polymorphonu-
clear leukocytes and initiated calcium mobilization, MEK-1/2 phosphory-
lation and 5-lipoxygenase translocation at a concentration of 2.5 to 15 pM.
These data indicate that the pentacyclic triterpenes that inhibit 5-lipoxy-
genase in cell-free systems activate 5-lipoxygenase product formation in
intact cells (38).

Extracts of the crude drug and its constituents, the boswellic acids,
activate the mitogen-activated protein kinases p42 and p38 in isolated hu-
man primed polymorphonuclear leukocytes in vitro (39). Activation of
mitogen-activated protein kinases was rapid and transient with maximal
activation after 1-2.5 min of exposure and occurred in a dose-dependent
manner. The keto-boswellic acids (11-keto-B-boswellic acid and 3-O-
acetyl-11-B-keto-boswellic acid) activated kinase at 30.0 pM, whereas
other boswellic acids lacking the 11-keto group were less effective. More-
over, 11-keto-boswellic acids induced rapid and prominent mobilization
of free Ca** in polymorphonuclear leukocytes. Inhibitor studies revealed
that phosphatidylinositol 3-kinase is involved in boswellic acid-induced
mitogen-activated protein kinase activation, whereas a minor role was ap-
parent for protein kinase C. Mitogen-activated protein kinase activation
by 3-O-acetyl-11-B-keto-boswellic acid was partially inhibited when
Ca?* was removed by chelation (39).

Mixed acetyl-boswellic acids significantly inhibited ionophore-stimu-
lated release of the leukotrienes B4 and C4 from intact human polymor-
phonuclear leukocytes, with 50% inhibitory concentration (IC,,) values
of 8.48 pg/ml and 8.43 pg/ml, respectively. Purified acetyl-11-keto-f3-
boswellic acid was about three times more potent as an inhibitor of the
formation of both leukotriene B4 (IC,, 2.53 pg/ml) and leukotriene
C4 (IC,,, 2.26 pg/ml) from human polymorphonuclear leukocytes in the
same assay. Daily intraperitoneal administration of an extract of mixed
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acetyl-boswellic acids (20.0 mg/kg bw) significantly reduced the clinical
symptoms in guinea-pigs with experimental autoimmune encephalomy-
elitis between days 11 and 21. However, the inflammatory infiltrates in
the brain and the spinal cord were not significantly less extensive in the
treated animals than in the respective control group. The multiple intra-
peritoneal administrations of boswellic acids did not inhibit the ionophore-
challenged ex vivo release of leukotrienes B4 and C4 from polymorpho—
nuclear leukocytes separated from the blood of guinea-pigs with
experimental autoimmune encephalomyelitis or the biosynthesis of leu-
kotrienes in vitro (40). Suspensions of rat peritoneal polymorphonuclear
leukocytes elicited with glycogen, stimulated by calcium and ionophore
to produce leukotrienes and 5-15-hydroxyeicosateraenoic acid (HETE)
from endogenous arachidonic acid, were treated with various concentra-
tions of an ethanol extract of the crude drug. A concentration-dependent
inhibition of leukotriene B4 and 5-HETE production was observed. All
products of 5-lipoxygenase from endogenous arachidonic acid in poly-
morphonuclear leukocytes were reduced (47).

Miscellaneous activities

Intragastric administration of a 50% ethanol extract of the crude drug,
at a dose of 250.0 mg/kg bw, to rats reduced blood glucose levels (42).
Intravenous administration to dogs of a 50% ethanol extract, at a dose
of 50.0 mg/kg bw, reduced blood pressure (42). Intragastric adminis-
tration of the crude drug at a dose of 100.0 mg/kg bw to cockerels,
rabbits and rats fed a high cholesterol diet reduced serum cholesterol
by 25-45% (26). Intragastric administration of the crude drug, ata dose
of 100.0-500.0 mg/kg bw did not reduce fever in rats, rabbits or dogs
(26). Acetyl-11-keto-beta-boswellic acid, a constituent of a herbal
medicine from Boswellia serrata resin, attenuated experimental ileitis
in animals (43).

Toxicology

The gestation period or parturition time in pregnant rats and the onset
time of castor oil-induced diarrhoea were unaffected by the extract and
no significant effect was seen on cardiovascular, respiratory and central
nervous system functions. Intragastric administration of the crude drug
to dogs, rabbits or rats, at a dose of 500.0 or 1000.0 mg/kg bw, did not
have ulcerogenic effects. The oral and intraperitoneal median lethal doses
were greater than 2.0 g/kg bw in mice and rats (28). Intragastric adminis-
tration of the crude drug to monkeys (500.0 mg/kg bw), mice (2.0 g/kg
bw) or rats (1.0 g/kg bw) for 6 months produced no observable behav-
ioural, biochemical or histological abnormalities (44).
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Clinical pharmacology

A double-blind pilot study, involving 37 patients with rheumatoid arthri-
tis, assessed the effects of the crude drug on the symptoms of swelling and
pain, and amount of self-medication with nonsteroidal anti-inflammatory
drugs (41). Patients were treated with 3.6 g of the crude drug or placebo
for 12 weeks. Outcome measures included Ritchie’s index for swelling and
pain, and the dose of nonsteroidal anti-inflammatory drugs patients felt
they needed. There were no subjective, clinical or laboratory parameters
showing significant changes from baseline to 12 weeks of treatment (45).

A randomized double-blind, placebo-controlled cross-over study was
conducted to assess the efficacy, safety and tolerability of a crude
Boswellia serrata extract in 30 patients with osteoarthritis of the knee.
Fifteen subjects received the active Boswellia serrata extract or placebo
for 8 weeks. After the first treatment, a washout period was permitted and
the groups were then crossed over to receive the opposite intervention for
8 weeks. All patients receiving Boswellia serrata extract reported a de-
crease in knee pain, increased knee flexion and increased walking distance.
The frequency of swelling in the knee joint was decreased, but radiology
detected no change. The observed differences between drug treatment
and placebo were statistically significant (p < 0.05). Boswellia serrata ex-
tract was well tolerated by the subjects except for minor gastrointestinal
adverse events (22).

A double-blind, placebo-controlled study involving 40 patients with
bronchial asthma assessed the effects of an extract of the crude drug for
treatment of symptoms. The patients were treated with a preparation of
gum resin of 300 mg three times daily for a period of 6 weeks. After treat-
ment, 70% of patients showed improvement as evident from the disap-
pearance of physical symptoms and signs such as dyspnoea, bronchial
asthma and decreased number of attacks, as well as a decrease in eosino-
phil count and electron spin resonance. In the control group (treated with
lactose, 300.0 mg three times daily, for 6 weeks), only 27% of patients in
the control group showed improvement. The data show a role for the
crude drug in the treatment of bronchial asthma (20).

A randomized, double-blind, controlled, parallel group comparison
clinical trial involving 102 patients assessed the effects of the crude drug
for the treatment of Crohn’s disease (18). The positive control arm was
treated with mesalazine. The primary outcome measure was the change in
the Crohn’s Disease Activity Index between the time of enrolment and
the end of therapy. The Crohn’s Disease Activity Index was reduced by
90 after treatment with the crude drug and by 53 after treatment with
mesalazine; however, the difference between the two treatments was not
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statistically significant. Thus, the study concluded that an extract of the
crude drug was as effective as mesalazine for the treatment of Crohn’s
disease.

The effect of an extract of the crude drug was assessed in patients with
ulcerative colitis, grade II or III (79). Patients were treated with the gum
resin preparation (350 mg three times daily for 6 weeks), and the effects
on stool properties, histolopathology and scan microscopy of rectal biop-
sies, blood parameters including haemogloblin, serum iron, calcium,
phosphorus, proteins, total leukocytes and eosinophils were measured.
Patients receiving sulfasalazine (1 g three times daily) served as controls.
At the end of the treatment period, all parameters tested had improved
after treatment with Boswellia serrata gum resin and the results were sim-
ilar to those in the control group: 82% of treated patients went into re-
mission following treatment with the gum resin as did 75% of those treat-
ed with sulfasalazine (19).

A controlled clinical trial assessed the efficacy of the crude drug in
patients with chronic colitis characterized by vague lower abdominal
pain, bleeding per rectum with diarrhoea and palpable tender descend-
ing and sigmoid colon. Thirty patients with chronic colitis, 17 men and
13 women aged between 18 and 48 years, were included in the study.
Twenty of the patients were given a preparation of the gum resin of Bos-
wellia serrata (300 mg three times daily for 6 weeks) and 10 were given
sulfasalazine (1 g three times daily for 6 weeks) and served as controls.
Of 20 patients treated with Boswellia gum resin, 18 showed an improve-
ment in one or more of the parameters: stool properties; histopathology;
scanning electron microscopy; and measures of haemoglobin, serum
iron, calcium, phosphorus, proteins, total leukocytes and eosinophils.
Of 20 patients treated with Boswellia gum resin, 14 went into remission
whereas in the patients treated with sulfasalazine, the remission rate was
4 out of 10 (20).

Adverse reactions

Minor gastrointestinal side-effects have been reported in the clinical trials
(19-22).

Contraindications
Hypersensitivity or allergy to the crude drug.

Warnings
No information was found.
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Precautions

General
No information was found.

Drug interactions
None reported.

Drug and laboratory test interactions
None reported.

Carcinogenesis, mutagenesis, impairment of fertility
No information was found.

Pregnancy: teratogenic effects
No information was found.

Pregnancy: non-teratogenic effects
Due to a lack of safety data, the use of the crude drug during pregnancy is
not recommended.

Nursing motbers
Due to a lack of safety data, the use of the crude drug during breastfeed-
ing is not recommended.

Paediatric use
Due to a lack of safety data, the use of the crude drug in children under
the age of 12 years is not recommended.

Dosage forms
Crude drug, extracts.

Storage
Store in a cool dry place away from heat or light.

Posology

(Unless otherwise indicated)

Crude drug: 1-3 g daily (frequency not specified) (7).
Extracts: 300-350 mg three times daily (719-21).
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Semen Cardamomi

Definition
Semen Cardamomi consists of the dried ripe seed of Elettaria cardamo-
mum (L.) Maton (Zingiberaceae) recently removed from the capsule (7-9).

Note: In a number of formularies and standards, the drug is official as
Fructus Cardamomi, but the part employed is the seed, with the fruit
capsule removed prior to use (5—10).

Synonyms
Amomum repens Sonn., A. cardamomum Lour. (11), Alpinia cardamo-
mum Roxb. (12).

Selected vernacular names

Alaicha, bach dau khau, bastard cardamom, cardamomier, Cardamom-
pflanze, cardamomo minore, cardamomo, cardamon, cardamone, carda-
mone petite, Cardamonen, chinne elakulu, chittelam, chhoti lachi, chota
elaich, chotaa leicaha, choti ilayachi, Echte Kardamon, ela, elachi, elakay,
elakkki, elam, elayachi, elchi, Elettarie, ensal, ga qolia, garidimong, guju-
rati, haal boa, habbahan, habbahal, hab el haal, heel khurd, hel, hhabb el
hal, hiliki, illlachi, kakilahekurd, kakula saghira, kapoelaga, kardoem,
Kleine Kardamomen, krako, kiiciik kakule, lahanveldoda, lesser carda-
mom, luuk en, malabar cardamon, Malabar Cardamonen, pelaga, qaqui-
lah saghirah, ronde kardemon, sa nhon, sanna elakulu, sanna yalakii, sa-
rooplaachi, shozuku, siruelam, so du gu, sodugo, syouzuku, truti, velchi,
velloda (2-6, 12, 13).

Geographical distribution
Native to India and introduced to Sri Lanka (74, 15).

Description

A perennial zingiberaceous herb attaining a height of 24 m, with lanceo-
late leaves borne on long sheathing stems. Flowers numerous, borne on
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horizontal racemes that arise from the rhizome and run horizontally along
the ground. The fruit is inferior, ovoid or oblong, nearly ellipsoidal, capsule
plump or slightly shrunken, the seeds of which are covered by an aril (14).

Plant material of interest: dried seed
(in dried or nearly dried fruit)

General appearance

Usually in agglutinated groups of 2-7 seeds. Each irregularly angular, 3-
to 4-sided, oblong, ovoid; 2—4 mm long, up to 3 mm broad; pale orange to
dark reddish-brown; usually enveloped by a thin colourless membranous
aril externally, transversely wrinkled but not minutely pitted; hilum de-
pressed; raphe indicated by a channel extending on one side from base to
apex; hard; internally, whitish, showing a thin dark testa, a whitish starchy
perisperm grooved on one side, and in the centre a small yellowish trans-
lucent endosperm, surrounding a paler minute embryo (1-3, 5-7).

Fruat: Inferior, ovoid or oblong, nearly ellipsoidal, capsule plump or
slightly shrunken; 8-20 mm, but most fruits are 10-15 mm long, 510 mm
in diameter; green to pale buff, sometimes yellowish-grey, mostly 3-sided,;
externally, smooth or longitudinally striated; base, rounded and may bear
the remains of the stalk; apex, more or less blunt and sometimes crowned
by a short beak formed of the remains of the floral parts; interior longitu-
dinally divided into 3 loculi, each loculus is an adherent mass of two rows
of 3—7 small seeds attached to the axile placenta (2, 5-7). According to
Evans (15), four varieties of fruits are available: “Mysore”, “Malabar”,
“Mangalore” and “Alleppy”.

Organoleptic properties
Odour: aromatic; taste: aromatic, pungent and slightly bitter (7-3, 5-8).

Microscopic characteristics

Aril of several layers of elongated, more or less collapsed, flattened, thin-
walled parenchyma cells containing small rounded or oval droplets of oil.
Testa with an outer epidermis of long, narrow fusiform cells, 20-30 pm
wide, having slightly thickened undulating walls, followed by a layer of
collapsed parenchymatous cells, with brownish contents, becoming
2-3 layers in the region of the raphe, composed of large thin-walled, rect-
angular cells containing volatile oil; a band of 2-3 layers of parenchyma-
tous cells and an inner epidermis of thin-walled flattened cells. Inner in-
tegument consists of 2 layers of cells, an outer layer of yellowish to
reddish-brown, rectangular, strongly lignified sclereids, about 40 pm long
and 20 pm wide, nearly filled with a small warty nodule of silica and an in-
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ner epidermis of flattened cells. Perisperm of thin-walled cells, packed with
minute starch grains, 1-6 pm in diameter, and containing 1-7 small prisms
of calcium oxalate, about 10-20 pm long. Endosperm, of small thin-walled
parenchymatous cells, each filled with a hyaline or granular mass of protein
but no starch; embryo, of small thin-walled cells containing aleurone grains;
fibrous sclerenchyma and large vessels present in pericarp (2, 3).

Powdered plant material

Reddish to greyish-brown, characterized by numerous fragments of
perisperm cells, each filled with starch granules and containing one or
more prisms of calcium oxalate, 10-25 pm long; polyhedral masses of ad-
herent starch granules from perisperm, individual granules, up to 4 pm in
diameter; numerous fragments of yellowish to reddish-brown sclereids;
occasional particles of epidermal cells, often crossed at right angles by the
cells of the collapsed layer (2).

General identity tests
Macroscopic and microscopic examinations (1-3, 5-8, 14).

Purity tests
Microbiology

Tests for specific microorganisms and microbial contamination limits are
as described in the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (16).

Chemical

To be established in accordance with national requirements.

Foreign organic matter
Not more than 3% (2, 17).

Total ash
Not more than 6% (3, 6-8, 17).

Acid-insoluble ash
Not more than 4% (1, 3, 5-8).

Water-soluble extractive
Not less than 10% (3).

Alcobol-soluble extractive
Not less than 2% (3).
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Loss on drying

To be established in accordance with national requirements.

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more
than 0.05 mg/kg (18). For other pesticides, see the European Pharmaco-
poeia (18) and the WHO guidelines on assessing quality of herbal medi-
cines with reference to contaminants and residues (16) and pesticide
residues (19).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO
guidelines on assessing quality of herbal medicines with reference to con-
taminants and residues (76).

Radioactive residues
Where applicable, consult the WHO guidelines on assessing quality of
herbal medicines with reference to contaminants and residues (76).

Chemical assay
Contains not less than 3.3% essential oil (v/w) (5-8).

Major chemical constituents

Contains 2-8% essential oil, the major constituents of which are 1,8-cin-
eole (20-40%), (+)-a-terpinyl acetate (30-42%), o-terpineol (4—45%),
limonene (6%), and smaller amounts of linalool and linalool acetate,
among others (13, 20-22). The structures of 1,8-cineole, (+)-0-terpinyl
acetate and o-terpineol are presented below.

CHs
CHs CHs
HO HQ/ d enantiom HsC.__O HQ/
P and enantiomer =
CH, K ’ T X

CHj H3sC CHj OHsC CHj

1,8-Cineole o-Terpineol (+)-o-Terpinyl acetate

Medicinal uses

Uses supported by clinical data
None.

Uses described in pharmacopoeias and well-established documents
Orally for the treatment of dyspepsia (23, 24).
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Uses described in traditional medicine

Treatment of asthma, bronchitis, colic, coughs, fainting, fever, rheuma-
tism, stomach cramps and urinary stones. Also used as an aphrodisiac,
appetizer, diuretic and emmenagogue (13, 24).

Pharmacology

Experimental pharmacology

Anti-inflammatory and analgesic activities

An in vivo study was performed to compare the anti-inflammatory activ-
ity of the essential oil of the seed, at doses of 175 and 280 pl/kg body
weight (bw) with that of indometacin at a dose of 30.0 mg/kg bw against
acute carrageenan-induced plantar oedema in rats. Intraperitoneal admin-
istration of 280 pl/kg bw of the essential oil to rats or 233 ul/kg bw to
mice suppressed carrageenan-induced pedal oedema (25).

One study assessed the analgesic activity of the essential oil from the
seed using 1,4-benzoquinone as a chemical stimulus for pain in mice. In-
tragastric administration of a dose of 233 pl/kg bw of the essential oil
produced a 50% reduction in writhing (stretching syndrome) induced by
intraperitoneal administration of a 0.02% solution of 1,4-benzoquinone
(25). Butanol and ether extracts of the seeds had anti-inflammatory activ-
ity in vitro, as assessed in the albumin stabilizing assay (concentration not
stated). The aqueous extract of the seeds, however, was not active (26).

Antimicrobial effects

At a concentration of 500 ppm, the essential oil from the seed weakly in-
hibited the growth of the fungi Arthroderma simii, Chaetominm indicum,
Microsporum canis and Trichophyton mentagrophytes in vitro (27).

Antispasmodic activity

A 95% ethanol extract of the crude drug at a concentration of 200 pg/ml
reduced histamine-induced and barium chloride-induced contractions in
guinea-pig ileum in vitro (28). Administration of essential oil from the
seed to rabbits, at a dose of 0.4 ml/kg bw, inhibited acetylcholine-induced
intestinal spasms (25). However, an aqueous extract of the crude drug was
reported to stimulate the rectus abdominus muscle of the frog and rat je-
junum in vitro at a concentration of 10% of the bath media (29).

Smooth-muscle relaxant activity

The essential oil from the seed relaxed isolated guinea-pig ileum and tra-
chea in vitro with a median effective dose of 15 mg and 27 mg/l, respec-
tively. An aqueous ethanol seed extract (10 mg/ml in bath medium) re-
laxed guinea-pig ileum in vitro (30).
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Antiulcer activity

Intragastric administration of dried aqueous or methanol extracts of the
seeds to mice, at a dose of 53.0-126.9 mg/kg bw, reduced the secretion of
gastric juice (31). A methanol extract of the dried seeds (5:1) at a concentra-
tion of 100 pg/ml inhibited the growth of Helicobacter pylori in vitro (32).

Choleretic activity
Intraduodenal administration of a dried acetone extract of the dried seed
to rats at a dose of 50.0-500.0 mg/kg bw, had significant choleretic effects
(p < 0.01-0.05) (33).

Central nervous system depressant activity
Intraperitoneal administration of the essential oil from the seed, at a dose
of 1.6 ml/kg bw, induced drowsiness and a staggering gait in mice (25).

Dermatological effects

Application of the essential oil from the seed at a concentration of 1.0%
to rabbit skin enhanced the dermal penetration of piroxicam, indometacin
and diclofenac sodium (34). Application of the essential oil from the seed,
at a dose of 1.0 ml/per square inch enhanced the dermal penetration of
indometacin in rats, rabbits and humans (34, 35). External pre-application
of the essential oil from the seed, at a concentration of 5%, to rabbit skin
increased the bioavailability of piroxicam gel (34).

Toxicity

Intragastric or subcutaneous administration of an aqueous ethanol (1:1)
extract of the seed, at a dose of 10 g/kg bw had no observed toxicity in
mice (36).

Miscellaneous activities

An aqueous ethanol (1:1) extract of the seed, at a concentration of 10.0 mg/
ml had histaminergic activity in guinea-pig ileum in vitro (30). Aqueous
extracts (10% w/v) of the crude drug were used for an ex vivo study of
their effect on gastric secretion. The stomach of pentobarbitone-anaes-
thetized rats was perfused at 0.15 ml/min with aqueous extracts of carda-
mom or acetylcholine (1.0 pg/ml or 10.0 pg/ml solutions, in 40-minute
time periods, twice in each experiment) followed by saline perfusions.
The acid content in the samples was estimated by titration with 0.1 N so-
dium hydroxide with phenolphthalein as indicator. Acute gastric mucosal
injury was induced by leaving aspirin 125.0 mg/kg bw in the stomach for
2 h before perfusion. The aqueous extract significantly increased gastric
secretion from 0.10 to 0.28 (p < 0.005) (37).
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Adverse reactions
Contact dermatitis has been reported (38).

Contraindications
Hypersensitivity or allergy to the crude drug.

Warnings
No information was found.

Precautions

General
Patients with gallstones should consult their health care provider before
using preparations of Semen Cardamomi (23).

Drug interactions
None reported.

Drug and laboratory test interactions
None reported.

Carcinogenesis, mutagenesis, impairment of fertility

A hot aqueous or methanol extract of the crude drug at concentrations of
50 mg/disc was not mutagenic in the Ames test in Salmonella typhimuri-
um strains TA98 and TA100 (39). The essential oil inhibited formation of
DNA adducts with aflatoxin B1 by inhibiting activation in rat liver mi-
crosomes, thus demonstrating antimutagenic activity. The median inhibi-
tory concentration was 10 pl/disc (40).

Drug interactions
No information was found.

Drug and laboratory test interactions
None reported.

Pregnancy: teratogenic effects
No information was found.

Pregnancy: non-teratogenic effects
No information was found.
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Nursing motbers
No information was found.

Paediatric use
No information was found.

Dosage forms and storage
Crude drug, extracts and tinctures (23).

Posology

(Unless otherwise indicated)

Average daily dosage: 1.5 g of drug; equivalent preparations.
Tincture: daily dosage equivalent to 12 g (23).
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Fructus Chebulae

Definition

Fructus Chebulae consists of the dried fruits of Terminalia chebula Retz.
or T. chebula Retz. var. tomentell