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Introduction

Increasing role of the WHO monographs on selected
medicinal plants

Since 1999, WHO has published two volumes of the WHO monographs
on selected medicinal plants. Volume 1 includes 28 monographs and
volume 2 contains an additional 30 monographs. Both of these volumes
are now available on the WHO web site http://www.who.int/medicines/
organization/trm/orgtrmstrat.htm).

Despite the increasing use of herbal medicines, there is still a significant
lack of research data in this field, so that the WHO monographs are playing
an increasingly important role. For example, in the recent WHO global sur-
vey on national policy and regulation of herbal medicines, of the 34 coun-
tries reporting that they do not have their own national monographs and use
other monographs, 13 use the WHO monographs as an authoritative refer-
ence. Moreover, the format of the WHO monographs continues to be com-
monly used for developing national monographs. In the same survey, of the
46 countries that have already developed national monographs on herbal
medicines, several countries, such as Armenia, Bhutan, Brazil, Malaysia, and
Myanmar, reported having used the WHO format as a basis.

In May 2002, WHO launched its Traditional Medicine Strategy covering
the period 2002-2005. In 2003, the World Health Assembly adopted resolu-
tion WHA56.31 on traditional medicine, which requests WHO to seek, to-
gether with WHO collaborating centres, evidence-based information on the
quahty, safety and cost-effectiveness of traditional therapies. The objective
is to provide guidance to Member States on the definition of products to be
included in national directives and proposals on traditional-medicine policy
implemented in national health systems. The continued development of the
WHO monographs on selected medicinal plants is one of the important acti-
vities being undertaken to meet the demands from Member States and in the
implementation of the WHO Traditional Medicine Strategy.

Preparation of monographs for volume 3
During the preparation of volume 3, more than 170 experts were involved,
in addition to members of WHO’s Expert Advisory Panel on Traditional
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Medicine, a significant expansion in comparison to the numbers involved
in the first two volumes. National drug regulatory authorities in 65 coun-
tries participated in the process, again a greater number than for the previ-
ous volumes. This global network of active players facilitated wider ac-
cess to the available scientific references and information, in terms of both
quality and quantity. This considerable level of support contributed
greatly to the efficiency of the preparation process.

The Third WHO Consultation on Selected Medicinal Plants was held in
Ottawa, Canada, in July 2001 to review and finalize the draft monographs.
Thirty-two experts and drug regulatory authorities from WHO Member
States participated (Annex 1). Following extensive discussion, 31 of the 33
draft monographs were adopted for inclusion.

At the subsequent tenth International Conference of Drug Regulatory
Authorities held in China, Hong Kong Special Administrative Region in
June 2002, the 31 draft monographs adopted for volume 3 of the WHO
monographs on selected medicinal plants were presented. In its recommenda-
tions, the Conference requested WHO to publish them as soon as possible.

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 Third WHO Consultation on Selected Medicinal Plants discussed
the selection criteria and made recommendations that will be applied
starting with the preparation of volume 4 of the WHO monographs.

Changes in format in volume 3

Following intensive discussion at the Ottawa Consultation the title and
context of the three categories included in the section Medicinal uses has
been changed. The changes are described in the in the General technical
notices.

It was also decided at the Ottawa Consultation that the section on
Adverse reactions should be moved to follow immediately after the sec-
tion on Pharmacology, to provide a more logical progression for the sub-
sequent sections on Contraindications, Warnings and Precautions.

A description of selected sections of the monographs is given in the
General technical notices, which reflect the above-mentioned format
changes. For easy reference, two cumulative indexes are provided as an-
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nexes. Annex 2 lists the monographs in alphabetical order of the plant
name, while Annex 3 is according to the plant materials of interest.
Under the section “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 for medicinal plants. In 2003, WHO published the WHO guide-
lines on good agricultural and collection practices (GACP) for medicinal
plants, which provide general technical guidance on obtaining medicinal
plant materials of good quality for the sustainable production of herbal
medicines in the overall context of quality assurance and control of herb-
al medicines. It is hoped that these guidelines will facilitate the develop-
ment of GACP monographs on specific medicinal plants at national level,
which in turn should bridge the current information gap in this area.

Purpose and content of monographs

The purpose of the monographs was clearly explained in the introduction
to volume 1, and it is unnecessary to repeat it here. But I would like to
emphasize again that the word “monograph” is used as a technical term
only. It does not have the same meaning as “monograph” in any type of
pharmacopoeia. In addition, I must reaffirm that this publication is not
intended to replace any official compendia such as pharmacopoeias, for-
mularies 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.

Dr Xiaorui Zhang

Coordinator

Traditional Medicine

Department of Technical Cooperation for Essential Drugs
and Traditional Medicine

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 3 essentially follows that of volume 2.
However, to keep relevant sections together, Adverse reactions appears
immediately after the section on Pharmacology. The titles of three catego-
ries under the Medicinal uses have been changed to the following:

o Uses supported by clinical data

* Uses described in pharmacopoeias and well established
documents

o Uses described in traditional medicine

The Deﬁmtzon provides the Latin binomial name, the most important
criterion in quahty assurance. Latin binomial synonyms and vernacular
names, listed in Synonyms and Selected vernacular names respectively,
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 me-
dicinal plant part, which is identical to the monograph name. The lists
are not complete, but reflect the names of the concerned medicinal plant
appearing in the official monographs and reference books consulted and
those in the Natural Products Alert (NAPRALERT) database (a data-
base of literature from around the world on ethnomedical, biological
and chemical information on medicinal plants, fungi and marine organ-
isms, located at the WHO Collaborating Centre for Traditional
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 contain 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 constitu-
ents.

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
indications 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,
cohort studies or well documented observations on therapeutic applica-
tions.

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

6



General technical notices

or robust ethnopharmacological/ethnobotanical reports are available to
support the claims.

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 and Japanese, the title is given in the
original language, except in cases where an English summary is available.






Fructus Ammi Majoris

Definition

Fructus Ammi Majoris consists of the dried ripe fruits of Ammi majus L.
(Apiaceae) (1, 2).

Synonyms
Apium ammi Crantz, Selinum ammoides E.-H.L. Krause (3). Apiaceae are
also known as Umbelliferae.

Selected vernacular names

Aatrilal, ammi commun, bishop’s weed, bullwort, crow’s foot, cumin
royal, devil’s carrot, gazar el-shitan, greater ammi, habab, herb william,
hirz al-shayateen, khella shaitani, khellah shitany, mayweed, nounkha,
qciba, rejl el-ghorab, rijl al-tair, zfenderi el maiz (1, 2, 4-6).

Geographical distribution

Indigenous to Egypt, and widely distributed in Europe, the Mediterra-
nean region and western Asia. Cultivated in India (2).

Description

An annual, 0.9-1.5 m high with striated subglaucous stems. Leaves
acutely serrulate, alternate, bipinnate, lobes oblong. Inflorescence a
compound umbel with slender primary rays up to 5 cm long, scattered
secondary rays 2-5 cm long, minute reticulate points; involucre of
bracts 1.5-2.5 cm long; flowers bisexual, polygamous, bracteate; calyx
teeth obsolete or small; petals obovate with an inflexed point, exterior
petals frequently longer; stamens epigynous; ovary inferior, two-locu-
lar, stigma capitate. Fruit laterally compressed, oblong, mericarps of
the cremocarp separated by a carpophore. Seed small, pendulous,
albuminous (2).
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Plant material of interest: dried ripe fruits

General appearance

Cremocarp nearly cylindrical, usually separated into its two mericarps,
rarely entire, with a part of the pedicel attached. Mericarp small, slight-
ly concave on the commissural side, slightly tapering towards the apex;
2.0-2.5 mm long, 0.75 mm wide, reddish-brownish to greenish-brown,
crowned with a nectary, disc-like stylopod. Externally glabrous, rough,
marked with five broad, distinct, yellowish-brown primary ridges, al-
ternating with four equally prominent, dark brown secondary ridges.
Internally comprises a pericarp with six vittae, four in the dorsal and
two in the commissural side, and a large orthospermous endosperm in
which is embedded a small apical embryo. Carpophore forked, each
branch entering at the apex of the mericarp and uniting with the
raphe (1, 2).

Organoleptic properties
Odour: slightly aromatic, terebinthinate; taste: aromatic, strongly pun-
gent, slightly bitter (7).

Microscopic characteristics

Epidermis of the pericarp consists of polygonal cells, with straight anti-
clinal walls and short papillae, containing cluster or prismatic crystals of
calcium oxalate, and covered with a strongly striated cuticle; stomata, oc-
casionally of the anisocytic type, but with no trichomes. Mesocarp con-
sists of brownish parenchyma; traversed longitudinally by six large schi-
zogenous vittae, four in the dorsal and two in the commissural side, which
appear elliptical in transverse section, each surrounded by large, radiating
cells; traversed in the primary ridges by vascular bundles, which appear
oval, ovoid or rounded in transverse section, not accompanied by vittae,
each bundle with a xylem strand and two lateral phloem strands, and ac-
companied by strongly lignified fibres and reticulate, lignified cells. In-
nermost layer consists of large, polygonal, brown-walled cells, with thick,
non-porous inner walls. Endocarp composed of narrow, tangentially
elongated cells, many in regular arrangements in variously oriented groups
(e.g. parquet arrangement), adhering to the brown seed coat, which is
formed of similar but wider and shorter cells. Endosperm consists of
polygonal, thick-walled, cellulosic parenchyma, containing fixed oil and
several aleurone grains, 4-12 pm in diameter, each with one or two round-
ed globoid and one or two microrosette crystals of calcium oxalate, 2—
5 pm in diameter. Carpophore, each branch traversed by a vascular bundle
of fibres and spiral vessels (7, 2, 7).
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Powdered plant material

Yellowish-brown and characterized by fragments of epicarp with polygo-
nal, subrectangular or elongated, short, papillose cells, containing cluster
or prismatic crystals of calcium oxalate, and covered with thick, distinctly
striated cuticle. Also present are fragments of mesocarp with brownish
pieces of vittae, reticulate cells, vessels and fibres; fragments of endocarpal
cells with a distinct parquet arrangement, usually adhering to brown cells
of the testa; numerous fragments of the endosperm containing colourless,
polygonal cells, numerous oil globules and several aleurone grains, 4—
12 pm in diameter, each enclosing microrosette crystals of calcium oxa-
late, 2-5 pm in diameter. Trichomes and starch grains absent (7, 2).

General identity tests
Macroscopic and microscopic examinations, microchemical tests (1, 2),
and thin-layer chromatography for the presence of xanthotoxin and ber-

gapten (8).

Purity tests

Microbiological

Tests for specific microorganisms and microbial contamination limits are
as described in the WHO guidelines on quality control methods for me-
dicinal plants (9).

Total ash
Not more than 7% (1, 2).

Acid-insoluble ash
Not more than 0.04% (2).

Water-soluble extractive
Not less than 17% (2).

Alcobol-soluble extractive
Not less than 16% (2).

Loss on drying
Not more than 12% (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05 mg/kg (10). For other pesticides, see the European pharmacopoeia
(10), and the WHO guidelines on quality control methods for medicinal
plants (9) and pesticide residues (11).
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Heavy metals
For maximum limits and analysis of heavy metals, consult the WHO
guidelines on quality control methods for medicinal plants (9).

Radioactive residues
Where applicable, consult the WHO guidelines on quality control methods
for medicinal plants (9) for the analysis of radioactive isotopes.

Otber purity tests
Chemical, foreign organic matter and sulfated ash tests to be established
in accordance with national requirements.

Chemical assays

Contains not less than 0.5% xanthotoxin, 0.3% imperatorin and 0.01%
bergapten, determined by spectrophotometry (7). A high-performance liq-
uid chromatography method is also available for quantitative analysis
(12).

Major chemical constituents

The major constituents are furanocoumarins, the principal compounds
being xanthotoxin (methoxsalen, 8-methoxypsoralen (8-MOP) ammoid-
in; up to 1.15%), imperatorin (ammidin; up to 0.75%) and bergapten
(heraclin, majudin, 5-methoxypsoralen (5-MOP), up to 1.88%). Other
coumarins of significance are marmesin (up to 0.25%), isoimperatorin
(0.01%), heraclenin (0.07%) and isopimpinellin (0.01%). Other consti-
tuents of interest are acetylated flavonoids (713-17). The structures of
xanthotoxin, imperatorin and bergapten are presented below.

R2 furanocoumarins  R1 R2
(0] o 0 bergapten OCH; H
\ _ imperatorin ~ H 0-CH,-CH=C(CH3),
xanthotoxin  H OCH,
R1

Medicinal uses
Uses supported by clinical data

Treatment of skin disorders such as psoriasis and vitiligo (acquired leuko-
derma) (1, 5, 18-26).

Uses described in pharmacopoeias and well established documents
Treatment of vitiligo (7).
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Uses described in traditional medicine
As an emmenagogue to regulate menstruation, as a diuretic, and for treat-
ment of leprosy, kidney stones and urinary tract infections (6).

Pharmacology

Experimental pharmacology

Antimicrobial and antischistosomal activities

A 50% dilution of an acetone or 95% ethanol extract of Fructus Ammi
Majoris inhibited the growth of the fungus Neurospora crassa in vitro
(27). Intragastric administration of 400.0 mg/kg body weight (bw) of a
hot aqueous extract or 15.0 mg/kg bw of a petroleum ether extract of the
fruits per day for 6 days reduced the Schistosoma mansoni worm burden
in mice by 49.3-72.3% (15).

Miscellaneous effects

Intragastric administration of 500.0 mg/kg bw of the powdered fruits per
day to rats for 4 weeks did not reduce the incidence of glycolic acid-
induced kidney stones (28).

Photosensitizing effects

Xanthotoxin is available in synthetic form and is a known photosensitiz-
ing agent and antipsoriatic. The augmented sunburn reaction involves ex-
citation of the drug molecule by radiation in the long-wave ultraviolet
(UV) A range. The transfer of energy to the drug molecule produces a
triplet electronic state. The excited molecule then binds covalently with
cutaneous DNA, forming a cyclobutane ring with the DNA pyrimidine
bases, within the epidermal cells of the skin. In this manner, xanthotoxin
inhibits nuclear division and cell proliferation (21, 22, 29).

Toxicology

Intoxication due to the simultaneous ingestion of ergot alkaloids from
Claviceps purpurea sclerotia and furanocoumarins from Ammi majus
seeds was reported in pigs after ingestion of contaminated feed. Nervous
system intoxication was first observed 5-7 days after the initiation of
feeding of the suspect rations. This was followed by cutaneous irritation,
including snout ulcers, eyelid oedema and conjunctivitis. Ten days after
the feeding, eight abortions were observed and, in nursing sows, udder
oedema and teat cracking were observed. Examination of the adulterated
feed indicated that it contained 2.2% A. majus seeds and 0.14%
C. purpurea sclerotia. Quantitative analysis showed the presence of 3.2 ¢
of xanthotoxin and 0.65 g of imperatorin per 100 g of A. majus seeds, and
0.73 g of ergot alkaloids per 100 g of C. purpurea sclerotia (30).
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The median lethal doses (LD,,) of xanthotoxin, imperatorin and ber-
gapten injected into the ventral lymph sac of toads were 13.8 mg/100 g
bw, 14.0 mg/100 g bw and 32.0 mg/100 g bw, respectively. In rats, the in-
tramuscular LD, values were 16.0 mg/kg bw, 33.5 mg/kg bw and 94.5 mg/
kg bw, respectively (31).

After 4-8 days of administration of 2 g of A. majus seeds per day to 3-
to 5-week-old goslings in the diet, the animals became photosensitive.
Photosensitivity appeared after 4-5 hours of exposure to sunlight and was
characterized by erythema, haematomas and blisters on the upper side of
the beak (32). The photoirritant effects of five constituents of A. majus
seeds, xanthotoxin, imperatorin, isopimpinellin, bergapten and isoimpera-
torin, were evaluated in the mouse-ear assay. Isoimperatorin was the most
irritant compound (median irritant dose (ID,,) 0.0072 mg after 5 days of
treatment), while imperatorin was the least irritant (ID,, 0.3823 mg after
6 days of treatment). The three other compounds showed minimal
photoirritant activity (33).

Chronic toxicity in the form of decreases in the red blood cell count
and haemoglobin A concentration was observed in mice after administra-
tion of 100.0 mg/kg bw of a 95% ethanol extract of the fruits in drinking-
water (34). Administration of 6.2-18.9 g/kg bw of the fruits per day in the
diet to cattle and sheep for 49 days caused photosensitization in both spe-
cies (35). Ingestion of A. majus seeds together with exposure to sunlight
caused mydriasis in geese and ducks (36). Chronic 7-week exposure of
ducks and geese to the fruits (dose not specified) caused severe deformities
of the beak and footwebs, mydriasis and ventral displacement of the pupils
(37, 38). Ophthalmological examination of the animals revealed dense pig-
mentation in the fundus (pigmentary retinopathy) and hyperplasia of the
retinal pigment epithelium (36, 39). The iris showed varying degrees of
atrophy of the sphincter pupillae (36).

Intragastric administration of a single dose of 8.0 g/kg bw of the fruits
to sheep produced cloudy cornea, conjunctivokeratitis, photophobia and
oedema of the muzzle, ears and vulva (40). Intragastric administration of
2.0 g/kg or 4.0 g/kg bw per day produced similar symptoms after 72—
96 hours (40).

Clinical pharmacology
Numerous clinical trials have assessed the efficacy of Fructus Ammi
Majoris and xanthotoxin for the treatment of vitiligo, psoriasis and hypo-
pigmentation tinea versicolor (18-20, 41-44).

The powdered fruits (dose not specified) were administered orally to
leukodermic patients, who then exposed the affected patches to direct
sunlight for 1 hour. The patients subsequently developed symptoms of

14



Fructus Ammi Majoris

itching, redness, oedema, vesiculation and oozing in the leukodermic
patches. A few days later the affected skin gradually started to display
deep brown pigmentation. Repigmentation usually developed within
1 week, in a punctate or perifollicular fashion, spreading inwards from
the margin or diffuse (5). In a small clinical trial without controls, two
groups of eight patients with leukoderma were treated orally with 0.05 g
of xanthotoxin three times per day or in the form of a liniment,
1 ¢/100 ml, applied to the skin. The patients then exposed the leukoder-
mic areas to the sun for 0.5 hour or to UV light for 2 minutes, gradually
increasing to 10 minutes, per day. After treatment, the leukodermic skin
areas were inflamed and vesiculated, and were treated as second-degree
burns. When healing occurred these areas began to show normal
pigmentation (19).

Since 1966, over 100 clinical studies have investigated the safety and
efficacy of xanthotoxin for the treatment of a wide range of ailments in-
cluding vitiligo and psoriasis, in a variety of dosage forms and routes of
administration. The drug is now accepted as standard medical therapy for
the symptomatic control of severe, recalcitrant, disabling psoriasis that
does not respond to other therapy, diagnosis being supported by biopsy.
Xanthotoxin should be administered only in conjunction with a schedule
of controlled doses of long-wave UV radiation. It is also used with long-
wave UV radiation for repigmentation of idiopathic vitiligo (29). While a
review of all the clinical studies is beyond the scope of this monograph,
some of the more recent data are presented below.

A comparative trial involving 34 patients with plaque psoriasis assessed
the efficacy of xanthotoxin administered by two different routes in combi-
nation with exposure to UV-A light. Each group of 17 patients was treated
with the drug delivered either orally or in bath-water. Both treatments
were effective; however, bath treatments were as effective or more effective
than oral treatment and required less than half the dose of UV-A radiation
required in the oral treatment group. Bath treatments also caused fewer
side-effects (26).

A randomized, double-blind, right-left comparison trial investigated
the efficacy of a combination of xanthotoxin plus UV-A radiation with
topical calcipotriol in the treatment of vitiligo. Nineteen patients with
bilateral symmetrical lesions were treated with an oral dose of 0.6 mg/kg
bw of xanthotoxin 2 hours before exposure to sunlight three times per
week. The patients were instructed to apply calcipotriol ointment at
50 pg/g on one side of the body and placebo ointment on the other. At the
end of 6 months, 70% of patients showed significant improvement on the
calcipotriol-treated side as compared with 35% on the placebo-treated
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side (P < 0.05). It was concluded that the combination of xanthotoxin and
calcipotriol is highly effective for the photochemotherapy of vitiligo (25).

A randomized comparison trial assessed the efficacy of xanthotoxin plus
exposure to either UV-A or UV-B radiation for the treatment of plaque
psoriasis in 100 patients. Both treatments were effective in reducing the
number of plaques; no significant difference between the treatments was
observed (24).

The efficacy of two UV-A radiation dosage regimens for treatment with
oral administration of 0.6 mg/kg bw of xanthotoxin plus UV-A photo-
chemotherapy for moderate-severe chronic plaque psoriasis was assessed
using a half-body comparison. The high- and low-dose UV-A treatments
were administered twice per week and symmetrical plaques were scored to
determine the rate of resolution for each treatment. Patients were reviewed
monthly for 1 year and 33 patients completed the study. Both regimens were
effective and well tolerated; 42% of patients were clear 1 year after treat-
ment and, for those whose psoriasis had recurred, there was no significant
difference between the regimens in the number of days of remission (23).

In a clinical trial without controls, the efficacy of xanthotoxin in
10-mg capsules was assessed for the treatment of psoriasis, vitiligo and tinea
versicolor (43). Fifty-three patients were treated orally with 0.25 mg/kg bw
of xanthotoxin and then exposed to UV-A light for varying periods of time.
In 87% of psoriasis patients, remission occurred after 30 treatments with
xanthotoxin and UV-A, 85% of patients with vitiligo had acceptable re-
pigmentation after 70 treatments, and 100% of patients with hypo-
pigmentation tinea versicolor showed complete repigmentation after
12 treatments (43).

Exposure to Fructus Ammi Majoris or xanthotoxin in combination with
exposure to UV-A light elicits a cutaneous inflammation, including erythe-
ma, oedema and bullae. The inflammatory processes culminate after 72 hours
and hyperpigmentation appears after 1-2 weeks, lasting for several months.
The mechanism of repigmentation is still a matter of debate. Affected cells
may include keratinocytes, Langerhans cells and melanocytes in the epider-
mis as well as mononuclear and endothelial cells in the upper dermis. Epi-
dermal changes include dyskeratosis, mild spongiosis and intracellular oe-
dema at 24 hours, increasing at 72 hours. After 72 hours there is an increased
mitotic activity in melanocytes and an increased number of functional mela-
nocytes, with rises in the production of melanosomes and tyrosinase activ-
ity (45). Hyperpigmentation is due to the increased number of melanin
granules in the epidermis, both in the Malpighian stratum and in the hyper-
keratotic stratum corneum (46, 47).
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Adverse reactions

One case of phototoxic dermatitis was reported in a patient with vitiligo
after ingestion of Fructus Ammi Majoris (48). One case of allergic rhinitis
and contact urticaria due to exposure to the fruits was reported (49). Pho-
totoxic reactions were reported in subjects who handled the fruits and
were subsequently exposed to sunlight. Erythema developed within 48—
72 hours and persisted for several days. Skin that had been protected from
sunlight for 30 days after exposure still had many erythematous areas and
became irritated again when re-exposed to the sun. Small areas of darker
pigmentation developed in the skin of some subjects (35). Prolonged use
or overdose may cause nausea, vertigo, constipation, lack of appetite,
headache, allergic symptoms and sleeplessness (50).

Photochemotherapy combining administration or application of xan-
thotoxin with UV-light treatment can be repeated many times (four times
a week), and after about 14 days of therapy, a clear dilution of the epider-
mis results, cornification normalizes and the inflammation fades away.
However, overdosage may result in severe erythema and blistering. This
can partly be prevented through the application of B-carotene (51).

A 5-year prospective study of ophthalmological findings in 1299 pa-
tients treated with oral xanthotoxin plus UV photochemotherapy for
psoriasis failed to demonstrate a significant dose-dependent increase in
the risk of developing cataracts (52).

Other adverse reactions reported after treatment with xanthotoxin in-
clude itching, nausea, oedema, hypotension, nervousness, vertigo, depres-
sion, painful blistering, burning and peeling of the skin, pruritus, freck-
ling, hypopigmentation, rash, cheilitis and erythema (29).

Contraindications

Fructus Ammi Majoris is contraindicated in diseases associated with
photosensitivity, cataract, invasive squamous-cell cancer, known sensi-
tivity to xanthotoxin (psoralens), and in children under the age of
12 years (29). The fruits are also contraindicated in pregnancy, nursing,
tuberculosis, liver and kidney diseases, human immunodeficiency virus
(HIV) infections and other autoimmune diseases (22).

Warnings

Care should be taken where there is a familial history of sunlight allergy
or chronic infections; lotions should be applied only under direct super-
vision of a physician and should not be dispensed to the patient; for use
only if response to other forms of therapy is inadequate. Serious burns
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may result from exposure to UV-A light or sunlight, even through glass,
if the correct dose and exposure schedule is not maintained.

If burning, blistering or intractable pruritus occurs, discontinue thera-
py until side-effects subside. Do not sunbathe for at least 24 hours prior
to therapy and 48 hours after. Avoid direct and indirect sunlight for up to
8 hours after oral and 12-48 hours after topical treatment. If sunlight can-
not be avoided, protective clothing and/or sunscreen must be worn. Fol-
lowing oral therapy, sunglasses must be worn for 24 hours. Avoid the in-
gestion of foods that contain furanocoumarins, such as limes, figs, parsley,
celery, cloves, lemons, mustard and carrots (29).

Precautions

Drug interactions

The toxicity of Fructus Ammi Majoris may be increased when the fruits
are administered with other photosensitizing agents such as coal tar, di-
thranol, griseofulvin, nalidixic acid, phenothiazines, sulfanilamides, tetra-
cyclines and thiazides (22, 29).

Carcinogenesis, mutagenesis, impairment of fertility

A 95% ethanol extract of Fructus Ammi Majoris, 10.0 mg/plate, was not
mutagenic in the Salmonella/microsome assay using S. typhimurium
strains TA98 and TA102. Furthermore, an infusion of the fruits (concen-
tration not specified) had antimutagenic effects against ethyl methanesul-
fonate- or 2-amino-anthracene-induced mutagenicity in S. typhimurium
strains TA98 and TA100 (53).

A study of 4799 Swedish patients who received xanthotoxin/UV-A
photochemotherapy in the period 1974-1985 showed a dose-dependent
increase in the risk of squamous-cell cancer of the skin. Male patients who
had received more than 200 treatments had over 30 times the incidence of
squamous-cell cancer compared with the general population. Increases in
the incidence of respiratory cancer, pancreatic cancer and colon cancer
were also found (54).

Pregnancy: non-teratogenic effects
See Contraindications.

Nursing motbers
See Contraindications.

Paediatric use
See Contraindications.
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Otbher precautions

No information available on general precautions or precautions concern-
ing drug and laboratory test interactions; or teratogenic effects in preg-
nancy.

Dosage forms

Powdered dried fruits for oral use (7). Store in a tightly sealed container
away from heat and light.

Posology

(Unless otherwise indicated)

Average daily dose: Fructus Ammi Majoris 0.02-0.04 g orally in divided
doses (dosage schedule not specified) (7); xanthotoxin 0.25-0.7 mg/kg bw
(18, 20, 43). Clinical treatment requires management by a health-care pro-
vider.
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Fructus Ammi Visnagae

Definition

Fructus Ammi Visnagae consists of the dried ripe fruits of Ammi visnaga
(L.) Lam. (Apiaceae) (1-3).

Synonyms
Daucus visnaga L., Selinum visnaga E.H.L. Krause, Sium visnaga Stokes,
Visnaga dancoides Gaertn. (2, 4). Apiaceae are also known as Umbelliferae.

Selected vernacular names

Ammi, besnika, bisagna, bishop’s weed, herbe aux cure-dents, herbe aux
gencives, kella, kella balady, khelal dandine, khella, nunha, owoc kel,
Spanish carrot, viznaga, Zahnstocherkraut (2, 5-8).

Geographical distribution

Indigenous to the Mediterranean region. Cultivated in North America
and in Argentina, Chile, Egypt, India, Islamic Republic of Iran, Mexico,
Tunisia and Russian Federation (2, 5-7).

Description
An annual or biennial herb, up to 1.0 m high. Leaves dentate, in strips.
Stems erect, highly branched. Inflorescence umbellate; rays, highly swol-

len at the base, become woody and are used as toothpicks. Fruits as de-
scribed below (2, 6).

Plant material of interest: dried ripe fruits

General appearance

Cremocarp usually separated into its mericarps; rarely, occurs entire with a
part of the pedicel attached. Mericarp small, ovoid, about 2 mm long, 1 m
wide, brownish to greenish-brown, with a violet tinge. Externally glabrous,
marked with five distinct, pale brownish, broad primary ridges, four incon-
spicuous, dark secondary ridges, and a disc-like stylopod at the apex. Inter-
nally comprises a pericarp with six vittae, four in the dorsal and two in the
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commissural side, a large oily orthospermous endosperm and a small apical
embryo. Carpophore single, passing into the raphe of each mericarp (1, 2).

Organoleptic properties
Odour: slightly aromatic; taste: aromatic, bitter, slightly pungent (7, 2).

Microscopic characteristics

Epidermis of the pericarp consists of polygonal cells, elongated on the ridg-
es, with occasional crystals of calcium oxalate and finely striated cuticle, but
no hairs. Mesocarp consists of parenchyma, traversed longitudinally by
large, schizogenous vittae, each surrounded by large, slightly-radiating cells,
and in the ridges by vascular bundles, each forming a crescent around a com-
paratively large lacuna and accompanied by fibres and reticulate, lignified
cells. Innermost layer consists of large, polygonal, brown-walled cells, with
thick, porous inner walls. Endocarp composed of narrow tangentially elon-
gated cells, some of which are in regular arrangements in variously oriented
groups, adhering to the brown seed coat, which is formed of similar but
wider, shorter cells. Endosperm consists of polygonal, thick-walled, cellu-
losic parenchyma containing fixed oil and numerous small, oval aleurone
grains, each enclosing a minute, rounded globoid and a microrosette crystal
of calcium oxalate. Carpophore, passing at the apex into the raphe of each
mericarp, traversed by a vascular bundle of fibres and spiral vessels (7, 2).

Powdered plant material

Brown and characterized by fragments of pericarp with some brownish
pieces of vittae, reticulate cells, vessels and fibres. Also present are fragments
with inner porous mesocarp cells crossed by and intimately mixed with
variously oriented groups of endocarpal cells; and n