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MONOGRAPHS

Adhatoda

Historical note Used for hundreds of years as an important herb in Ayurvedic
medicine, adhatoda is used traditionally for cough, asthma, bronchitis and
tuberculosis.

COMMON NAMES
Adhatoda, Malabar nut tree

OTHER NAMES
Adhatoda zeylanica, arusha, bakash justicia adhatoda, vasaka, vasa

BOTANICAL NAME/FAMILY
Adhatoda vasica (family Acanthaceae)

PLANT PARTS USED
Leaves and roots

CHEMICAL COMPONENTS

The leaves contain several different alkaloids, including vasicine, vasicinone, vasicinol,
adhatodine, adhatonine, adhavasinone, anisotine, peganine (Claeson et al 2000),
betaine, steroids and alkanes. The root also contains alkaloids (vasicinol, vasicinolone,
vasicinone, adhatonine), a steroid (daucosterol), carbohydrates and alkanes (Claeson
et al 2000).

Clinical note

One of the alkaloids found in the herb (vasicine) has been chemically modified and
is referred to as RLX (6,7,8,9,10,12-hexahydro-azepino-[2,1-b]-quinazoline-12-one)
in the medical literature (Johri & Zutshi 2000). It has been shown in animal studies
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to inhibit antigen-induced mast-cell degranulation and histamine release and exert | _ e
bronchodilator activity. j

MAIN ACTIONS

Adhatoda has not been significantly investigated in clinical studies, so information is
generally derived from in vitro and animal studies and is largely speculative. As with
many Ayurvedic herbs, most investigation has been undertaken in India and locating
original research from these sources is difficult.

ANTITUSSIVE EFFECTS

Results from animal studies show that Adhatoda vasica extract exerts considerable
antitussive activity when administered orally and is comparable to codeine when
cough is due to irritant stimuli (Dhuley 1999). The antitussive activity may be due to
the action of vasicinone and vasicinol, which have activity in the cerebral medulla.

ANTI-INFLAMMATORY

Potent anti-inflammatory activity has also been demonstrated for the alkaloid fraction
and shown to be equivalent to that of hydrocortisone in one study (Chakraborty &
Brantner 2001).

BRONCHODILATOR AND ANTI-ASTHMATIC ACTIVITY

According to a 2002 review, both vasicine and vasicinone possess in vitro and in vivo
bronchodilatory activity and inhibit allergen-induced bronchial obstruction in a
manner comparable to that of sodium cromoglycate (Dorsch & Wagner 1991, Jindal

etal 2002). :

Clondnle Offscinalis. L
OTHER ACTIONS g /4 _ _
HEPATOPROTECTIVE

Adhatoda vasica leaf (50-100 mg/kg) was shown to protect against induced liver
damage in rats (Bhattacharyya et al 2005); 100 mg/kg of Adhatoda vasica was
comparable to the hepatoprotective ability of silymarin at 25 mg/kg. An earlier study
showed that Adhatoda vasica (100-200 mg/kg) protected against carbon tetra-
chloride-induced liver damage in rats (Pandit et al 2004). The leaf extract
significantly enhanced the protective enzymes superoxide dismutase and catalase in
the liver: 200 mg/kg of Adhatoda vasica was shown to be comparable to 25 mg/kg
of silymarin.

PROTECTS AGAINST RADIATION DAMAGE
Adhatoda vasica (800 mg/kg) protects hematopoietic stem cells against radiation Adhatoda 8
damage by inhibiting glutathione deletion, reducing lipid peroxidation and increas-
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ing phosphatase activity in mice (Kumar et al 2005). Animals pretreated with oral
doses of adhatoda showed an 81.25% survival rate at 30 days as compared to
control animals who could not survive past 25 days.

ENZYME INDUCTION
In vitro tests show that Adhatoda vasica acts as bifunctional inducer, since it induces
both phase | and phase Il enzyme systems (Singh et al 2000).

ABORTIFACIENT

One of the traditional uses of the herb is as an abortifacient; however, inconsistent
results from in vivo studies have made it difficult to determine whether adhatoda has
significant abortifacient activity. One study investigating oral administration of leaf
extracts showed 100% abortive rates at doses equivalent to 175 mg/kg of starting dry
material (Nath et al 1992). Another study found that an Adhatoda vasica extract had
anti-implantation activity in 60-70% of test animals (Prakash et al 1985).

ANTISPASMODIC
The essential oil from the leaves has been shown to exert antispasmodic action on
guinea pig tracheal chain (Claeson et al 2000).

ANTIOXIDANT ACTIVITY

In vitro tests also show the extract is effective in inducing glutathione S-transferase
and DT-diaphorase in lungs and forestomach, and superoxide dismutase and catalase
in kidneys (Singh et al 2000).

CLINICAL USE T L LI
Adhatoda has not been significantly investigated in clinical studies, so informationis L.~ &7~ ] |
generally derived from in vitro and animal studies and is largely speculative.

COUGH

The antitussive activity of adhatoda extract has been compared to that of codeine in
two different models of coughing and in two different animal species (Dhuley 1999).
When administered orally, Adhatoda vasica extract produced antitussive effects
comparable to those of codeine against coughing induced by peripheral irritant
stimuli. When coughing was induced by electrical stimulation of the tracheal mucosa,
adhatoda extract was only one-quarter as active as codeine. Intravenous adminis-
tration was far less effective in both cough models. A double-blind, randomised,
controlled trial of Adhatoda vasica in combination with Echinacea purpurea and
Eleutherococcus senticosus was compared with an Echinacea and Eleutherococcus
mixture and bromhexine (Narimanian et al 2005). Bromhexine is a semi-synthetic
derivative of the alkaloid vasicine found in Adhatoda vasica (Grange & Snell 1996)

© 2007 Elsevier Australia

Adhatoda 9



and is found in some pharmaceutical cough mixtures. The Adhatoda vasica
combination reduced the severity of cough, increased mucus discharge and reduced
nasal congestion compared to the other two formulas. Both the herbal mixtures
reduced the frequency of cough compared to bromhexine.

ASTHMA

Although used for asthma in combination with other herbs, clinical evidence is
unavailable to determine effectiveness. Evidence of bronchodilator activity from in
vitro and animal studies provides a theoretical basis for use in this indication.

OTHER USES
Adhatoda is traditionally used to treat cough, asthma, bronchitis and colds, but has
also been used to treat fever, dysentery, diarrhoea, jaundice, to stimulate the birthing
process and aid healing afterwards, tuberculosis, headache, and as an antispasmodic
(Claeson et al 2000). It has also been used as an abortifacient in some Indian villages.
Topical application of leaves that have been warmed on the fire is used in the
treatment of joint pain, lumber pain and sprains.
The powder is reported to be used as a poultice on rheumatic joints, as a
counterirritant for inflammatory swelling, on fresh wounds, and in urticaria and
neuralgia (Dhuley 1999).

DOSAGE RANGE

As clinical research is lacking, the following dosages come from Australian manufac-
turer recommendations.

e Liquid extract tincture (1:2): 1-3 mL/day.

e Dried herb: 0.5-1.5 g/day.

ADVERSE REACTIONS
Insufficient reliable information is available.

SIGNIFICANT INTERACTIONS

Controlled studies are not available, so interactions are based on evidence of activity
and are largely theoretical and speculative.

CODEINE AND OTHER ANTITUSSIVE DRUGS

Theoretically, adhatoda may increase antitussive effects of these drugs — beneficial
interaction possible under professional supervision.

CONTRAINDICATIONS AND PRECAUTIONS
Insufficient reliable information is available. Adhatoda 10
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PREGNANCY USE
@ Adhatoda is contraindicated in pregnancy, as the herb may have abortifacient activity.

PRACTICE POINTS/PATIENT COUNSELLING

e Adhatoda is an important Ayurvedic medicine used in the treatment of cough,
asthma, bronchitis and colds.

e Traditional use further includes fever, dysentery, diarrhoea, jaundice, tuberculosis
and headache.

e Preliminary evidence suggests that adhatoda may have bronchodilator activity and
inhibit allergen-induced bronchoconstriction; however, clinical studies are
unavailable to determine clinical significance.

o Antitussive effects comparable to those of codeine have also been reported in
animal studies in which cough has been peripherally induced.

o Adhatoda has been used to stimulate the birthing process and aid healing
afterwards and may have abortifacient activity.

e Qverall, little clinical evidence is available, so much of the available information is
speculative and based on in vitro and animal research and traditional use.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Adhatoda has mainly been investigated in animal and test tube studies so it is
uncertain what effects it will have in humans. Based on this preliminary information
and historical use, it may suppress cough and have some beneficial effects in asthma.
When will it start to work? ‘ .
This is uncertain because insufficient research data are available. um(&; Offcinalsis. £
Are there any safety issues? =
Some research suggests that adhatoda may stimulate uterine contractions, so it is not
recommended in pregnancy.
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Historical note Itis believed that albizia received its name because Filipo del
Albizi, an 18th century Florentine nobleman, introduced the species into

cultivation (The Plants Database 2004). It has been used in Ayurvedic medicine
for many years and is still a popular treatment for asthma, allergy and eczema.

COMNMON NAME
Albizia

OTHER NAMES
Pit shirish shirisha

BOTANICAL NAME/FAMILY
Albizia lebbeck (family Fabaceae)

PLANT PARTS USED
Leaves and stem bark

CHEMICAL COMPONENTS
These are poorly understood, but albizia has been reported to contain albiziasaponins
A, B and C, epicatechin, procyanidins and stigmastadienone.

MAIN ACTIONS

Albizia has not been significantly investigated in clinical studies; therefore, infor- LM”""&’ Gnats L. ) ]
mation is generally derived from in vitro and animal studies and is largely

speculative.

STABILISING MAST CELLS

Both in vitro and in vivo tests have reported significant mast-cell-stabilisation effects
similar to those of cromoglycate (Johri et al 1985, Tripathi et al 1979). One study
found that degranulation was inhibited by 62% (Tripathi et al 1979). The saponin
fraction is believed to be the key group responsible for activity.

ALTERING NEUROTRANSMITTER ACTIVITY
Albizia has an influence on GABA, serotonin and dopamine levels, according to in
vivo studies (Chintawar et al 2002, Kasture et al 2000). It appears that different
fractions within the herb exert slightly different effects on neurotransmitters. In one Albizia 13
study, a saponin-containing fraction from the extract of dried leaves of Albizia was
shown to decrease brain concentrations of GABA and dopamine, whereas serotonin
© 2007 Elsevier Australia



levels increased. Another study that tested the methanolic fraction of an ethanolic
extract of Albizia leaves found that it raised brain levels of GABA and serotonin
(Kasture et al 2000). Additionally, anticonvulsant activity has been demonstrated in
vivo for this fraction.

MEMORY ENHANCEMENT

Saponins isolated from Albizia have been shown to significantly improve the memory
retention ability of normal and amnesic mice, compared with their respective controls
(Une et al 2001).

REDUCES MALE FERTILITY
Two studies using animal models have demonstrated that Albizia significantly reduces
fertility in males (Gupta et al 2004, 2005).

Albizia saponins A, B and C (50 mg/kg) isolated from the stem bark have been
shown to significantly reduce the weight of the testis, epididymides, seminal vesicle
and ventral prostate of male rats (Gupta et al 2005). A significant reduction in
sperm concentration was also noted and Albizia reduced fertility by 100% after
60 days. The methanolic extract of Albizia pods (50, 100 and 200 mg/kg) was also
shown to significantly decrease fertility and arrest spermatogenesis in rats after
60 days (Gupta et al 2004).

OTHER ACTIONS

Other actions seen in vitro and in vivo include antifungal and antibacterial action,
antispasmodic effect on smooth muscle, positive inotropy and an immunostimulant
effect (Barua 2000, Bone 2001, Kasture et al 2000). Cholesterol-lowering activity has
been demonstrated in vivo (Tripathi et al 1979).

CLINICAL USE
Albizia has not been significantly investigated under clinical trial conditions, so
evidence is derived from tradition, in vitro and animal studies.

ALLERGY AND ASTHMA

Albizia is mainly used to treat allergic rhinitis, urticaria and asthma in clinical
practice. In vitro and in vivo evidence of mast-cell stabilisation provide a theoretical
basis for its use in allergic conditions; however, the clinical significance is unknown.

OTHER USES

Traditionally, a juice made from the leaves has been used internally to treat night
blindness. The bark and seeds have been used to relieve diarrhoea, dysentery and
treat haemorrhoids, most likely because of their astringent activity. The flowers have

Colonduda Oficinalis. 277 |
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been used as an emollient to soothe eruptions, swellings, boils and carbuncles. In
Ayurvedic medicine, it is used to treat bronchitis, asthma, allergy and inflammation.

DOSAGE RANGE

As clinical research is lacking, the following dosages come from Australian manufac-
turer recommendations.

e Liquid extract (1:2): 3.5-8.5 mL/day or 25-60 mL/week.

e Dried herb: 3-6 g/day.

TOXICITY
This is unknown; however, research with the methanolic fraction of Albizia extract
has identified a median lethal dose of 150 mg/kg (Kasture et al 2000).

ADVERSE REACTIONS
Insufficient reliable information available.

SIGNIFICANT INTERACTIONS
Controlled studies are not available; therefore, interactions are based on evidence of
activity and are largely theoretical and speculative.
BARBITURATES

@ Additive effects are theoretically possible, as potentiation of pentobarbitone-induced
sleep has been observed in vivo — use with caution.

ANTIHISTAMINES AND MAST-CELL-STABILISING DRUGS

Additive effects are theoretically possible because both in vitro and in vivo tests have
identified significant mast-cell-stabilisation activity similar to that of cromoglycate —
potentially beneficial interaction.

TRICYCLIC AND SELECTIVE SEROTONIN REUPTAKE INHIBITOR
ANTIDEPRESSANT DRUGS

Increased risk of serotonin syndrome is theoretically possible, as Albizia increases
serotonin levels, according to in vivo studies — observe patient.

CONTRAINDICATIONS AND PRECAUTIONS

Significant reductions in male fertility have been reported in tests using animal
models; however, it is not known whether the effects also occur in humans. Until
further research is conducted, caution is advised.

PREGNANCY USE
Insufficient reliable information available.

Cilondela (}y}l inales. £
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PRACTICE POINTS/PATIENT COUNSELLING

o Albiziais a traditional Ayurvedic herb used to treat allergies, asthma, eczema and
inflammation.

e Preliminary research has shown that it has significant mast-cell-stabilisation activity
comparable to cromoglycate, and has also identified memory enhancement activity
and possible anticonvulsant effects.

e Overall, little clinical evidence is available; therefore, much information is speculat-
ive and based on in vitro and animal research.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Albizia is a traditional Ayurvedic medicine used to reduce allergic conditions, such as
allergic rhinitis and urticaria. It is also used for atopic conditions, such as eczema
and asthma, when indicated. Controlled trials have not been conducted, so it is
uncertain whether it is effective.

When will it start to work?

This is uncertain because insufficient research data are available.

Are there any safety issues?

This is uncertain because insufficient research data are available. It is advised that
people with asthma be monitored by a healthcare professional.

REFERENCES
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Aloe vera

Historical note Aloe vera has been used since ancient times as a medicinal
plant. In fact, evidence of use has been found on a Mesopotamian clay tablet
dating back to 2100 sc (Atherton 1998). It has been used as a topical
treatment for wounds, burns and other skin conditions and internally as a
general tonic, anti-inflammatory agent, carminative, laxative, aphrodisiac and
anthelmintic by the ancient Romans, Greeks, Arabs, Indians and Spaniards.
According to legend, Alexander the Great captured an island in the Indian
Ocean in order to gain the Aloe vera for his wounded army. Today aloe is used
to soothe skin complaints and heal burns, and is one of the most common
ingredients in many cosmetic products.

OTHER NAMES
Aloes, Barbados aloe, Curacao aloe

BOTANICAL NAME/FAMILY
Aloe vera (L.)/Aloe barbadensis (Mill.) (family Aloeaceae)

PLANT PARTS USED

The leaf, from which several different products are made; namely the exudate, gel,
extract and juice. The exudate (‘aloes’ in older pharmacy texts) is a thick residue,
yellow in colour and bitter in taste, that comes from the latex that oozes out when
the leaf is cut. The ‘gel’ refers to the clear gel or mucilage produced by the inner
parenchymal cells in the central part of the leaf. Diluted aloe gel is commonly known
as 'aloe vera extract’ or ‘aloe juice’.

CHEMICAL COMPONENTS
Aloe vera extract, or diluted aloe gel, is made of mostly water (99%) and mono- and
polysaccharides, most important of which is the monosaccharide mannose-6-
phosphate and the polysaccharide gluco-mannans, which are long-chain sugars
containing glucose and mannose. Gluco-mannan has been named acemannan and
is marketed as Carrisyn. A glycoprotein with anti-allergic properties has also been
isolated, and has been named alprogen. Recently, C-glucosyl chromone, an anti-
inflammatory compound, has also been identified.

Aloe gel also contains lignans, saponins, salicylic acid, sterols and triterpenoids, Aloe vera 17
vitamins A, C, E, B12, thiamine, niacin and folic acid, and the minerals sodium,

© 2007 Elsevier Australia



calcium, potassium, manganese, magnesium, copper, chromium, zinc and iron
(Shelton 1991, Yamaguchi et al 1993).

The fresh gel contains glutathione peroxidase, isozymes of superoxide dismutase,
and the proteolytic enzyme carboxypeptidase (Klein & Penneys 1988, Sabeh et al
1993).

Ultimately, the types and levels of components present in aloe gel vary according
to geographic origin, variety and processing method.

The exudate contains the pharmacologically active anthraquinone glycosides:
aloin, aloe-emodin, barbaloin and emodin (Choi & Chung 2003).

MAIN ACTIONS

The active ingredients, whether acting alone or in concert, include glycoproteins,
anthraquinones, polysaccharides, and low-molecular-weight species such as beta-
sitosterol (Choi & Chung 2003).

ASSISTS IN WOUND HEALING

Wound healing is associated with various mechanisms and constituents.
Thromboxane inhibits wound healing and aloe has been shown to inhibit
thromboxane in vitro (Zachary et al 1987). Enzymes in aloe have also been shown to
break down damaged tissue, which can then be removed by phagocytosis
(Bunyapraphatsara et al 1996). A glycoprotein fraction was found to increase
proliferation of human keratinocytes and increase the expression of receptors for
epidermal growth factor and fibronectin in vitro (Choi et al 2001). The same research
team then demonstrated that this glycoprotein enhanced wound healing by
increasing cell proliferation in vivo. Beta-sitosterol appears to improve wound healing umaé: Gfecinales. 2
by stimulating angiogenesis and neovascularisation in vivo (Moon et al 1999). Aloe
polysaccharides have been shown to ameliorate UV-induced immunosuppression
(Strickland et al 1994).

Tests in animal models Several animal studies support the application of aloe gel
to skin damaged by frostbite as a means to maintain circulation and reduce the
vasoconstrictive effects of thromboxane in the affected dermis (Heggers et al 1987,
Klein & Penneys 1988, McCauley et al 1990, Miller & Koltai 1995). In combination
with pentoxifylline, it will act synergistically to further increase tissue survival (Miller &
Koltai 1995).

A study to test the effectiveness of topical application versus oral administration in
rats with full-thickness wounds showed topical use of aloe gel to be slightly more
effective than internal use. The collagen content in granulation tissue was measured Aloe vera 18
to be 89% in the topical group compared with 83% in the oral group (Chithra et al
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1998). Other studies have found that aloe gel not only increases collagen content,
but also changes collagen composition, in addition to increasing collagen cross-
linking, which in turn increases the breaking strength of scar tissue, making the seal
stronger (Chithra et al 1998, Heggers et al 1996).

Full thickness hot-plate burns (3% total surface area) to test animals healed more
quickly with the application of aloe gel compared to silver sulfadiazine (SSD) or
salicylic acid cream (aspirin) (Rodriguez-Bigas et al 1988). Guinea pigs treated with
aloe recovered in 30 days as compared to 50 days for control animals (dressing only)
and wound bacterial counts were effectively decreased. Aloe vera was also found to
promote healing and decrease inflammation in second-degree burns in vivo
(Somboonwong et al 2000). A significant reduction in vasodilation and post-capillary
venular permeability was recorded on day 7 in the aloe group. At day 14 arteriolar
diameter had returned to normal and the size of the wound was greatly reduced as
compared to controls.

Aloe gel prevented delayed hypersensitivity of UV-irritated skin as well as contact
hypersensitivity in animal models with allergic reactions (Strickland et al 1994).
Acemannan gel (beta-(1,4)-acetylated mannan) has demonstrably improved radiation
burns in mice. Best results were obtained when the gel was applied during the first
week after injury (Roberts & Travis 1995).

Use with pharmaceutical agents Several topical pharmaceutical antimicrobial
agents, such as SSD, inhibit wound contraction, thereby slowing the rate of wound
healing. An experimental model was used to investigate whether co-administration of
aloe could reverse this effect and improve wound healing rate (Muller et al 2003). . & ‘
Full-thickness excised wounds were treated with placebo (aqueous cream or saline), LMM" e ) B
SSD cream 0.5%, 1% or 1% with A. vera three times daily for 14 days, then observed

until healed. Aloe vera was found to reverse the delayed wound healing produced by

SSD, resulting in the shortest wound half-life and healing time.

Aloe vera (100 and 300 mg/kg daily for 4 days) blocked the ability of
hydrocortisone acetate to suppress wound healing by up to 100% (Davis et al
1994a). Growth factors in A. vera were thought to mask sterols and certain amino
acids that prevent wound healing. An earlier study identified the sugar mannose-6-
phosphate to be one of the chief constituents responsible for wound healing (Davis
et al 1994b).

Clinical note — Wound healing models
Acute wound healing occurs in four stages that tend to overlap: haemostasis, Aloe vera 19
inflammation, proliferation and remodelling. Underlying metabolic disturbances
and/or disease may disrupt the regenerative process, causing delayed healing. Much
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investigation is conducted with in vitro assays based on cell culture models of the
various phases of healing, which provides information about possible mechanisms
of action. Experimental models using animals are undertaken to determine the
reduction of wound size (usually in terms of area) and hence the rate of healing.
Histological examination of granulation and epidermal tissues provides a concurrent
analysis at the molecular level. Human models of wound healing provide an
opportunity to observe a variety of healing disorders that are less predictable than
their cell or animal-based counterparts. Aloe vera is the only traditional wound
healing herbal medicine that has been subjected to a variety of cell culture-based,
animal and human-based studies (Krishnan 2006).

ANTIOXIDANT

Studies have found that several compounds present in aloe gel protect tissues against
oxidative damage caused by free radicals ('t Hart et al 1990, Singh et al 2000, Wu et
al 2006, Yagi et al 2002, Zhang et al 2006). This is achieved by direct antioxidant
activity and indirect activity through stimulation of endogenous antioxidant systems.

Treatment with aloe gel extract decreased lipid peroxidation and hydroperoxides
in diabetic rats to near normal levels (Rajasekaran et al 2005). The extract also
significantly increased superoxide dismutase, catalase, glutathione peroxidase and
glutathione-S-transferase in the liver and kidney. In another study, data obtained 3, 7
and 10 days after exposure to radiation showed that aloe gel significantly reduced
oxidative damage in the liver, lungs, and kidney tissues of irradiated rats (Saada et al
2003).

Three-year-old aloe plants appear to have the highest amounts of flavonoids and u/nf«ér Gfecinales. 2
polysaccharides and hence the best free radical scavenging capacity, as compared to
2- and 4-year-old plants (Hu et al 2003). Interestingly, the 3-year-old plant
demonstrated antioxidant activity of 72.19%, compared to alpha-tocopherol at
65.20%.

IMMUNOSTIMULANT

It has been suggested that aloe may have immune-stimulating capabilities. Much of

the available research has been performed on mice or in vitro and aloe shows

antiviral, antitumour and non-specific immunostimulant activity. An experiment in

1980 demonstrated that mice given aloe extract 2 days before exposure to pathogens

were protected against a variety of fungi and bacteria (Brossat et al 1981). Later, the

isolated compound acemannan (beta-(1,4)-acetylated mannan) was shown to

increase the response of lymphocytes to antigens in vitro (Womble & Helderman Aloe vera 20
1988). In mice, acemannan stimulated cytokines, bringing about an immune attack
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on implanted sarcoma cells, leading to necrosis and regression of cancer cells (Peng et
al 1991). A later trial investigated the effects of acemannan on mouse macrophages
(Zhang & Tizard 1996). Acemannan stimulated macrophage cytokine production (IL-6
and TNF-alpha), NO release, surface molecule expression, and cellular morphologic
changes. Similarly, a polysaccharide fraction isolated from Aloe vera promoted

human keratinocytes to secrete TGF-alpha, TGF-beta-1, IL-1-beta, IL-6, IL-8 and TNF,
and inhibited the release of NO as compared to control (Chen et al 2005). The
immune enhancing effects of acemannan may be due in part to the compound'’s
ability to promote differentiation of immature dendritic cells (Lee et al 2001). These
cells are crucial for the initiation of primary immune responses.

Three purified polysaccharide fractions (PAC-I, PAC-II, and PAC-III) from A. vera
stimulated peritoneal macrophages, splenic T and B cells, and increased the ability of
these cells to secrete TNF-alpha, IL-1-beta, IFN-gamma, IL-2, and IL-6 (Leung et al
2004). The compound with the highest mannose content, and therefore the highest
molecular weight (PAC-1), demonstrated the most potential. A 99% pure carbo-
hydrate compound (purified acemannan) isolated from aloe demonstrated potent
haematopoietic and haematologic activity in myelosuppressed mice (Talmadge et al
2004).

Specific manufacturing methods can be applied to enhance the extracts. For
example, 1 g of extract obtained from leaves subjected to cold and dark treatment
contained 400 mg of neutral polysaccharide compared with 30 mg in leaves not
specially treated (Shida et al 1985).

ANTI-INFLAMMATORY
A number of in vitro and in vivo studies confirm the anti-inflammatory activity of Aloe
vera.

The gel reduces oxidation of arachidonic acid, thereby reducing PG synthesis and
inflammation (Davis et al 1987). It inhibits the production of PGE, by 30% and IL-8 by
20%, but has no effect on thromboxane B2 production in vitro (Langmead et al
2004). Following burn injury in vivo, A. vera was also found to inhibit inflammation
by reducing leukocyte adhesion and decreasing the pro-inflammatory cytokines TNF-
alpha and IL-6 (Duansak et al 2003).

One study conducted on rats with croton oil-induced oedema reported a 47%
reduction in swelling after the application of topical aloe gel (Davis et al 1989).
Another study found aloe gel to reduce vascularity and swelling by 50% in the
inflamed synovial pouch in rats, along with a 48% reduction in the number of mast
cells in the synovial fluid within the pouch. When aloe gel was applied topically there
was also an increase in fibroblast cell numbers (Davis et al 1992). C-glucosyl
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chromone, isolated from aloe gel extracts, is chiefly responsible for the anti-
inflammatory effect, with activity comparable to hydrocortisone in experimental
models (Hutter et al 1996). A study of streptozotocin-induced diabetic mice further
confirmed the anti-inflammatory activity of A. vera and identified the isolated
constituent gibberellin as also effective (Davis and Maro 1989). Both compounds
inhibited inflammation in a dose dependant manner.

LAXATIVE

The aloe latex contains anthraquinones, which have a stimulant laxative activity.
Studies in rats have shown that aloe latex increases intestinal water content,
stimulates mucus secretion, and induces intestinal peristalsis (Ishii et al 1994).
However, aloe as a laxative is more irritating than other herbs (Reynolds & Dweck
1999) and long-term use can cause an electrolyte imbalance through depletion of
potassium salts. Alternatives are recommended if long-term treatment is required.

ANTI-ULCER

The anti-ulcer activity of Aloe vera has been proposed to be due to anti-inflammatory,
cytoprotective, healing and mucus stimulatory effects. According to an in vivo study,
A. vera promotes gastric ulcer healing (Eamlamnam et al 2006). In contrast to these
results, a stabilised fresh aloe gel preparation prolonged the effect of histamine-
stimulated acid secretion but inhibited pepsin in another study (Suvitayavat et al
2004).

HYPOGLYCAEMIC
Glucomannan slows carbohydrate absorption and slows the postprandial insulin
response by up to 50% (McCarty 2002).

Aloe vera leaf gel has been investigated as a possible hepatoprotective and
kidney protective agent in diabetes type 2 using animal models. In one study, the
leaf gel and glibenclamide both decreased degenerative kidney changes, serum urea
levels and creatinine levels, but only aloe further reduced kidney lipid peroxidation
(Bolkent et al 2004). Can et al (2004) tested aloe pulp, aloe gel extract and
glibenclamide, finding that all treatments decreased liver tissue damage as
compared to control animals. Aloe gel extract also increased glutathione levels and
decreased non-enzymatic glycosylation, lipid peroxidation, serum alkaline
phosphatase and alanine transaminase.

Colonduda Oficinalis. 277 |
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ANTIBACTERIAL

Aloe vera is active against a wide variety of bacteria in vitro, such as Pseudomonas
aeruginosa, Klebsiella pneumoniae, Streptococcus pyogenes, Staphylococcus aureus
and Escherichia coli (Heck et al 1981, Shelton 1991).

ANTIVIRAL
In vitro studies suggest that Aloe vera has antiviral activity due to its interference with
DNA synthesis (Saoo et al 1996). The polysaccharide fractions of aloe gel inhibit the
binding of benzopyrene to primary rat hepatocytes and thus prevent the formation of
potentially cancer-initiating benzopyrene-DNA adducts in vitro. This was later
confirmed by in vivo studies (Kim & Lee 1997). Moreover, in vitro experiments have
shown the anthraquinones in aloe to be virucidal against HSV 1 and 2, vaccinia virus,
parainfluenza virus and vesicular stomatitis virus (Anderson 2003).

Investigation with the acemannan component has identified antiviral activity,
particularly against feline AIDS, HIV type 1, influenza virus, measles virus and herpes
simplex (Kahlon et al 1991a,b, Sydiskis et al 1991).

CLINICAL USE
Although Aloe vera products are used for many indications, the chief use is treating
skin conditions.

SKIN CONDITIONS
Aloe is used in the treatment of wounds, burns, radiation burns, ulcers, frostbite,
psoriasis and genital herpes. The healing properties may be attributed to
antimicrobial, immune-stimulating, anti-inflammatory and antithromboxane activi- ) 5
ties. Allantoin has also been shown to stimulate epithelialisation, and acemannan has L“‘M" et L
been shown to stimulate macrophage production of IL-1 and TNF, which are
associated with wound healing (Liptak 1997).

Most human studies have found that topical application of aloe vera gel increases
wound healing rate and effectively reduces microbial counts; however, there are
some negative studies, most likely related to the fact that the composition of aloe
vera gel varies, even within the same species. Chemical composition depends on
source, climate, region, and the processing method used (Choi & Chung 2003).

Dry-coated aloe vera gloves were tested by 30 women suffering from dry, cracked
hands, with or without contact dermatitis due to occupational exposure, in an open
contralateral comparison study (West & Zhu 2003). Women wore a glove on one
hand for 8 hours daily for 30 days followed by a rest period for 30 days and then 10
more days of treatment. Results indicated that the aloe vera glove significantly Aloe vera 23
reduced dry skin, irritation, wrinkling, dermatitis, redness and improved skin integrity.
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It would be interesting to see this study repeated using a standard non-aloe fortified
glove on the opposing hand.

The effects of aloe gel applied to skin following dermabrasion in humans are more
controversial, with some patients responding well (Fulton 1990), while others have
had severe adverse reactions, including burning sensations and dermatitis (Hunter &
Frumkin 1991). A standard polyethylene oxide gel dressing saturated with stabilised
aloe vera gel was compared to the standard oxide dressing alone in the study by
Fulton. The addition of Aloe vera produced a significant vasoconstriction and anti-
inflammatory effect 24 and 48 hours after application. By the 4th day it produced less
crusting and exudate and by the 5th and 6th day re-epithelialisation was almost
complete (90% for aloe compared with 50% for the standard treatment). Overall,
wound healing was quicker with A. vera and completed by an average of 72 hours
before the oxide gel-treatment.

In contrast, one study found that topical aloe vera gel actually slowed healing
after caesarean delivery (Schmidt & Greenspoon 1991).

Burns One study involving 27 patients with a partial-thickness burn injury found
that topical aloe gel significantly increased the healing rate compared with controls
who used a vaseline gauze. The mean healing time for the aloe gel group was

11.89 days compared with the control group, which was 18.18 days. Additionally,
the aloe treatment brought about full epithelialisation after 14 days (Visuthikosol et al
1995).

Another study involving 18 outpatients with moderate to deep second-degree
burns ranging from 2% to 12% of total body surface area showed that a commercial . ! ‘
aloe vera ointment was as effective as SSD in regard to protection against bacterial gl it ] =
colonisation and healing time. More specifically, the mean healing time with aloe vera
treatment was 13 days compared with 16.15 days for SSD (Heck et al 1981).

Results are less encouraging for sunburn protection and healing. A randomised
double-blind trial in 20 healthy volunteers evaluated the effect of aloe vera cream for
both prevention and treatment of sunburn (Puvabanditsin & Vongtongsri 2005). The
cream (70% aloe) was applied 30 minutes before, immediately after, or both before
and after UV irradiation. The cream was then continually applied daily for 3 weeks.

The results showed that the aloe vera cream did not protect against sunburn and was

not an effective treatment.

Frostbite In combination with other treatments, topical Aloe vera significantly

enhances healing and has a beneficial effect in frostbite. One clinical study compared

the effects of topical aloe vera cream in combination with standard treatment, such Aloe vera 24
as rapidly rewarming the affected areas, analgesics, antibiotics and debridement
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(n = 56) with another group of 98 patients who did not receive aloe vera treatment.
Of those receiving aloe vera in addition to usual treatment, 67% healed without
tissue loss compared with 32.7% in the control group. Additionally, 7.1% of the total
group of 56 required amputation compared with 32.7% in the control group.
Although encouraging, this study is difficult to interpret because the groups were not
well matched and combination therapies differed (Heggers et al 1987).
Radiation-induced dermatitis A recent review concluded that aloe gel was as
effective as mild steroid creams, such as 1% hydrocortisone, to reduce the severity of
radiation burn, without the side-effects associated with steroid creams (Maddocks-
Jennings et al 2005). In contrast, another review concluded that aloe was ineffective
for the prevention or reduction of side-effects to radiation therapy in cancer patients
(Richardson et al 2005). That review analysed 1 past review, 5 published RCTs and 2
unpublished RCTs. It is important to note that various preparations such as creams,
juices, gels and fresh aloe had been tested, which makes it difficult to assess the
evidence.

Ulcers A number of case reports tell of a positive effect on leg ulcers with topical
use of aloe gel, including cases that did not respond to standard medical
interventions (Zawahry et al 1973). Application of water-based aloe-gel saline soaks,
broad-spectrum antibiotics and antifungals allowed a wound, caused by necrotising
fasciitis, to heal in 45 days in a 72-year-old woman. Aloe gel and saline-soaked
sponges were also used to treat two large seroma cavities caused by deep vein
thrombosis in a 48-year-old man (Ardire 1997).

Although aloe gel is commonly used as a topical agent for wound healing itis also | . b ‘
used internally. A small study of six patients with chronic leg ulcers found that gl it
ingesting 60 mL aloe juice daily and applying aloe gel directly to the ulcer and
surrounding area resulted in less exudate, odour and seepage through the bandaging
(Atherton 1998).

Psoriasis A double-blind placebo-controlled study found topical aloe vera extract

0.5% in a hydrophilic cream to be beneficial in the treatment of psoriasis. Sixty

patients aged 18-50 years with slight to moderate chronic psoriasis and PASI

(psoriasis area and severity index) scores between 4.8 and 16.7 (mean 9.3)

participated in the study, which was scheduled for 16 weeks with 12 months of

follow-up. Patients were examined on a weekly basis and those showing a progressive

reduction of lesions, desquamation followed by decreased erythema, infiltration and

lowered PASI score were considered healed. By the end of the study, the aloe vera

extract cream had cured 83.3% of patients compared with the placebo cure rate of Aloe vera 25
6.6% (P < 0.001). Psoriatic plaques decreased in 82.8% of patients versus only 7.7%
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in the placebo group (P < 0.001). PASI scores decreased to a mean of 2.2 (Syed et al
19964a). In contrast, a randomised, double-blind, placebo-controlled trial found no
significant benefits with a commercial aloe vera gel in 41 patients with stable plaque
psoriasis (Paulsen et al 2005). Following a 2-week washout period patients applied
either the aloe gel or placebo twice daily for T month. Redness and desquamation
decreased by 72.5% in the active treatment group as compared to 82.5% in the
placebo group. It should be pointed out that 82.5% is an extremely high placebo
responder rate. Fifty-five per cent of patients reported local side-effects, mainly drying
of the skin on test areas.

Genital herpes Two clinical studies have investigated the effects of Aloe vera 0.5%
topical preparations in genital herpes, producing good results.

A double-blind, placebo-controlled study has demonstrated that aloe vera extract
(0.5%) in a hydrophilic cream is more efficacious than placebo in the treatment of
initial episodes of genital herpes in men (n = 60, aged 18-40 years). Each patient was
provided with a 40 g tube, containing placebo or active preparation with instructions
on self-application of the trial medication to their lesions three times daily for 5
consecutive days (maximum 15 topical applications per week). The treatment was
well tolerated by all patients (Syed et al 1997).

The other study involving 120 subjects used a preparation containing 0.5% of
whole aloe leaf extract in hydrophilic castor and mineral oil cream base, which was
applied three times daily for 5 days per week for 2 weeks. Treatment resulted in a
shorter mean duration of healing compared with placebo. Aloe cream also increased
the overall percentage of healed patients and there were no significant adverse . X “7
reactions reported (Syed et al 1996b). LMM" e ) B

HIV

The acemannan component of Aloe vera has been used as adjunctive therapy to
antiretroviral therapy in HIV infection. A preliminary clinical trial found that
acemannan may enhance the activity of the anti-HIV drug AZT. A dose of 800 mg
acemannan daily significantly increased circulating monocytes (macrophages) in 14
HIV patients. Aloe increased the number and activity of the monocytes (McDaniel et
al 1990). Subsequently, a randomised, double-blind placebo-controlled study of 63
male subjects with advanced HIV, taking zidovudine and didanosine, investigated the
effects of 400 mg of acemannan taken four times daily for 48 weeks. Results showed
a decrease in CD4 cell numbers in the acemannan group compared with placebo
(Montaner et al 1996).

Aloe vera 26
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GASTROINTESTINAL CONDITIONS
Oral Aloe vera is a popular treatment for a variety of gastrointestinal disorders. It has
been shown to improve different parameters of gastrointestinal function in normal
subjects, such as colonic bacterial activity, gastrointestinal pH, stool specific gravity
and gastrointestinal motility (Bland 1986). Due to its anthraquinone content, it is
used as a stimulant laxative.

Besides this indication, there is still a need for scientific validation to establish
which gastrointestinal conditions are most receptive to treatment with aloe.

IRRITABLE BOWEL SYNDROME

Aloe vera may be effective for patients with diarrhoea-predominant IBS, according
to a recent randomised, placebo-controlled study (n = 58) (Davis et al 2006). Both
treatments were administered for 1 month with a follow-up period of 3 months.
Within the first month, 35% of the patients receiving A. vera responded compared
to 22% with placebo. Overall, diarrhoea-predominant IBS patients had a more
statistically significant responder rate than placebo (43% vs 22%).

ULCERATIVE COLITIS

A double-blind, randomised, placebo-controlled trial evaluated the efficacy and safety
of Aloe vera gel (100 mL twice daily for 4 weeks) in ulcerative colitis (Davis et al 2006).
Aloe induced clinical remission in 30% of subjects compared to 7% for placebo and
symptom improvement in 37% compared to 7% for placebo. The Simple Clinical
Colitis Activity Index and histological scores also decreased significantly for patients
on the aloe treatment, but not for those receiving placebo.

Crlondude Officinales. o7 P
OTHER USES Rnit”/4 S

ASTHMA

According to a small open study (n = 33), long-term oral administration of aloe may
have benefits for some people with chronic asthma, as one-third of subjects reported
improvement (Afzal et al 1991, Shida et al 1985).

DIABETES

Three systemic reviews of herbal medicines for glycaemic control in diabetes found

that Aloe vera can lower blood glucose levels in diabetic patients (Grover et al 2002,

Vogler & Ernst 1999, Yeh et al 2003). In one trial aloe juice consisting of 80% gel or

placebo was given in a trial of 40 patients who were recently diagnosed with type 1

diabetes at the dose of 1 tablespoon twice daily. From day 14 the blood sugar levels

in the aloe group began to fall significantly compared with the control group and Aloe vera 27
continued to steadily drop during the period of study (P < 0.01). Blood triglyceride
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levels were also substantially reduced but cholesterol levels remained the same
(Yongchaiyudha et al 1996). A single blind, placebo-controlled trial found that oral
aloe gel was more effective in reducing blood sugar levels when combined with
glibenclamide than glibenclamide alone in 72 patients with type 2 diabetes. Patients
took 5 mg of glibenclamide twice daily and 1 tablespoon aloe gel. Fasting blood
glucose levels dropped appreciably after just 2 weeks’ treatment, and were still falling
after 42 days (Bunyapraphatsara et al 1996).

CANCER

There are some epidemiological studies suggesting that aloe may reduce the risk of
certain cancers; however, further research is required to clarify its place in practice
(Sakai et al 1989, Siegers et al 1993).

DOSAGE RANGE

o Aloe vera gel: fresh from a living plant or as stabilised juice 25 mL (4.5:1) up to four
times daily.

e Extracts standardised to acemannan: preparation containing up to 800 mg/day.

e Topical application: gel, cream or ointment as needed.

e 1.5-4.5 mL daily of 1:10 tincture of resin (latex).

ADVERSE REACTIONS

Although adverse reactions are rare, hypersensitivities and contact dermatitis to aloe
have been reported (Morrow et al 1980, Nakamura & Kotajima 1984).
Hypersensitivity manifested by generalised nummular eczematous and papular
dermatitis, and presumably by contact urticaria, developed in a 47-year-old man after
4 years of using oral and topical aloe. Patch tests for aloe were positive in this patient
(Morrow et al 1980).

SIGNIFICANT INTERACTIONS

HYPOGLYCAEMIC AGENTS
Oral Aloe vera may have hypoglycaemic activity, therefore additive effects are
theoretically possible — observe patients taking this combination.

LAXATIVES
Additive effects are theoretically possible with oral aloe latex inducing griping pains
— use with caution.

TOPICAL CORTISONE PREPARATIONS
In addition to its own anti-inflammatory effects, animal studies have shown that Aloe
vera increases the absorption of hydrocortisone by hydrating the stratum corneum,
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inhibits hydrocortisone’s suppressive effects on wound healing and increases wound
tensile strength — possible beneficial interaction.

CONTRAINDICATIONS AND PRECAUTIONS
Strong laxatives such as aloe latex are contraindicated in children. Avoid in patients
with known hypersensitivity to aloe or with nausea, vomiting or signs and symptoms
of gastrointestinal obstruction. Avoid excessive use and long-term use (more than
2 weeks), as potassium losses may occur, which may alter cardiac electrophysiology.
Use with caution in people with thyrotoxicosis.
A case study of depression of thyroid hormones in a woman taking Aloe vera juice
has been reported (Pigatto & Guzzi 2005). The patient consumed 10 mL daily for
11 months and laboratory testing showed reduced levels of thyroxine and
triiodothyonine. Levels returned to normal progressively after discontinuing the aloe
juice and the patient achieved full clinical remission after 16 months. Reduced serum
levels of the thyroid hormones T and T4 have been reported for Aloe vera in vivo (Kar
et al 2002).

PREGNANCY USE
@ Strong laxatives such as aloe latex are contraindicated in pregnancy.

PRACTICE POINTS/PATIENT COUNSELLING

o Different parts of the Aloe vera plant are used therapeutically. The gel is used
topically and the latex is used internally.

e The gel may be beneficial in the treatment of skin conditions (wounds, burns,
radiation burns, ulcers, frostbite, psoriasis and genital herpes). There is good
scientific evidence for these indications.

e Traditionally, aloe latex is also used internally for gastrointestinal ulcers, dyspepsia
and what is known today as IBS. Aloe is also used in conditions such as food
allergies and disturbed bowel flora.

e Aloe may be a useful adjunct in the treatment of chronic poor immunity, HIV,
cancer and chronic fatigue. There is preliminary scientific support for these
indications.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS
What will this herb do for me?
Aloe gel is traditionally used for burns, wounds and inflammatory skin disorders.
There is good scientific evidence that aloe may be of benefit in these conditions;
however, the chemical composition of Aloe vera products will vary depending on Aloe vera 29
geographical and processing factors. Traditionally, aloe is also used internally for
dyspepsia, gastrointestinal ulcers and IBS.
© 2007 Elsevier Australia
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When will it start to work?

Aloe has an immediate effect on burns and inflammatory skin diseases. Improvement
occurs within several weeks with the condition continuing to improve with use.
Chronic conditions may require long-term use. Internal use of Aloe vera as a laxative
can produce results within 12-24 hours.

Are there any safety issues?

Aloe gel is safe and non-toxic. Avoid chronic use of laxative preparations that contain
highly irritant compounds, known as anthraquinone glycosides, in the latex.
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Andrographis

Historical note Andrographis has long been used in traditional medicine
systems in numerous countries. It has been included in the pharmacopoeias of
India, Korea and China, possibly because it grows abundantly in India, Pakistan
and various parts of South-East Asia. In TCM, andrographis is considered a ‘cold’
herb and is used to rid the body of heat, as in fevers and acute infections, and to
dispel toxins from the body. In Ayurvedic medicine it is used as a bitter tonic, to
stimulate digestion and as a treatment for a wide range of conditions such as
diabetes and hepatitis. It is still a common household remedy and found in over
half the combination tonics used to treat liver conditions in India. Also used to
treat the common cold, it is sometimes called Indian echinacea.

COMMON NAMES
Andrographis, chirayata, chiretta, green chiretta, Indian echinacea kalmegh, king of
bitters.

Andrographis paniculata is often studied as the herbal combination known as
Kan Jang.

BOTANICAL NAME/FAMILY
Andrographis paniculata (family Acanthaceae)

PLANT PARTS USED | Gtendude Qffcinalic. £ 7 gy
Leaves, aerial parts

CHEMICAL COMPONENTS
The main active constituent group is considered to be the bitter diterpenoid lactones
known as andrographolides. Other constituents include diterpenoid glucosides,
diterpene dimers, flavonoids (Koteswara et al 2004, Rao et al 2003) and xanthones
(Dua et al 2004).

Clinical studies show that andrographis is well absorbed, with peak plasma
concentrations reached after 1.5-2 hours and a half-life of 6.6 hours (Panossian et al
2000).

MAIN ACTIONS
The.mechan}sm of action of anFjrographls hag not been S|gn.n‘|cant|y mveshgatgd in Andrographis 34
clinical studies, so results from in vitro and animal tests provide most of the evidence
for this herbal medicine.
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IMMUNOSTIMULANT

According to in vivo research, andrographis stimulates both antigen-specific and non-
specific immune responses (Puri et al 1993). One of the main constituents responsible
for the immunostimulant activity is andrographolide, which has an effect on the
stimulation and proliferation of immunocompetent cells and the production of key
cytokines and immune markers in vitro (Panossian et al 2002). Although important,
other pharmacologically active constituents are also present as demonstrated by a
study that found the immunostimulant activity of the whole extract is greater than
that of the isolated andrographolide constituent alone. Investigation with a
combination of the whole extract and Eleutherococcus senticosus in the formula Kan
Jang demonstrated a more profound effect.

ANTICANCER

Twenty patients with various end-stage cancers were given 500 mg twice daily for

6 months. After 6 months 16 patients were still alive with a statistically significant
increase in both NK function and TNF-alpha levels. Haemoglobin, haematocrit and
glutathione levels were all greatly increased (See et al 2002). Although these results
are interesting it is difficult to examine the direct effect of Andrographis paniculata as
many other nutritional supplements were given concurrently.

In vitro experiments have demonstrated the possible benefits of andrographolide
on various cancer cells. The compound has been shown to increase apoptosis of
prostate cancer cells (Kim et al 2005), inhibit proliferation of human cancer cells and
increase IL-2 induction in human peripheral blood lymphocytes in vitro (Kumar et al
2004, Rajagopal et al 2003). However, contradictory results have been described
from a murine model. Andrographolide was found to decrease IFN-gamma and IL-2
production and therefore shown to have an immunosuppressive effect. Burgos et al
(2005) concluded that andrographis may be useful for autoimmune disease,
especially where high levels of IFN-gamma are present, for example, in multiple
sclerosis and RA. In vitro and in vivo data has recently shown that andrographolide
has the ability to interfere with T-cell proliferation, cytokine release and maturation of
dendritic cells, as well as drastically decreasing the antibody response in delayed-type
hypersensitivity (Iruretagoyena et al 2005). Additionally, andrographolide demon-
strated a capacity to inhibit T-cell and antibody responses in experimental
autoimmune encephalomyelitis in mice and protect against myelin sheath damage.

Cilondela (}y}l inales. £
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ANTIMICROBIAL

Aqueous extract of Andrographis paniculata has demonstrated significant
antibacterial and antifungal activity in vitro when compared with standard antibiotics
(Singha et al 2003).

HYPOTENSIVE

In vivo experiments suggest a mechanism of action involving adrenoceptors,
autonomic ganglia receptors and a reduction in circulating ACE (Zhang et al 1998).
The constituents responsible appear to be other than andrographolide.

HYPOGLYCAEMIC

Observed in animal tests, this activity does not appear to involve the stimulation of
insulin release from the pancreas. The results from one animal test suggest that
andrographis alters glucose absorption from the gut (Borhanuddin et al 1994). In
vitro data suggests that andrographolide may also lower plasma glucose by
increasing glucose uptake in cultured myoblast cells via the phospholipase C/protein
kinase C pathway (Hsu et al 2004).

HEPATOPROTECTIVE
The hepatoprotective activity of andrographis has been investigated using several
different experimental rat models: galactosamine, paracetamol and carbon tetra-
chloride (Handa & Sharma 1990a, b, Rana & Avadhoot 1991). In all models,
treatment led to complete normalisation of toxin-induced increases in the levels of
key biochemical parameters, and significantly reduced toxin-induced
histopathological changes to the liver. Andrographolide is one of the key active Colondinds Ofenatio 12T
constituents responsible for this activity (Handa & Sharma 1990b, Rana & Avadhoot 4 = , .|
1991). Results from animal studies suggest that the hepatoprotective effect of
andrographolide is more potent than that of silymarin, from the herb St Mary's thistle
(Rana & Avadhoot 1991, Visen et al 1993).

Analogous to silymarin, the activity is a result of several similar mechanisms
working together. Andrographis increases liver superoxide dismutase, glutathione
peroxidase, glutathione reductase and catalase concentrations, thereby increasing
endogenous antioxidant production by the liver (Trivedi & Rawal 2001). A hepatocyte
cell-membrane-stabilising activity has also been observed (Puri et al 1993, Upadhyay
etal 2001).

DIGESTIVE STIMULANT/CHOLERETIC
Andrographolide produces a significant dose-dependent increase in bile flow and bile
salt and acid production (Shukla et al 1992).

Andrographis 36
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ANTIPYRETIC AND ANTI-INFLAMMATORY

Testing in different animal models has identified antipyretic activity (Mandal et al
2001). Clinical testing in randomised double-blind trials involving volunteers with the
common cold suggests that this activity is clinically relevant. The mechanism of action
is unlike that of NSAIDs, as andrographis does not influence the biosynthesis of any
lipoxygenase pathways, but may involve promoting ACTH production and enhancing
adrenocortical function (Amroyan et al 1999).

Interestingly, a combination of andrographolide and Eleutherococcus senticosus,
Schisandra chinensis and Glycyrriza glabra inhibited neutrophil adhesion and
transmigration (Shen et al 2002) and stabilised NO and IL-6 in functional
Mediterranean fever, according to a randomised, double-blind trial (Panossian et al
2003). The study involved 14 people (age 3—15 years) with the fever and it was found
that the herbal combination significantly reduced the frequency, severity and duration
of attacks (Amaryan et al 2003). The daily dose of andrographolide was 48 mg,
divided into three doses for 1 month.

ANTIPLATELET AND ANTITHROMBOTIC ACTIVITY

Andrographolide inhibits platelet-activating-factor-induced human blood platelet
aggregation in a dose-dependent manner (Amroyan et al 1999). Results from in vivo
studies suggest that andrographis prevents the formation of thrombi and reduces the
size of myocardial ischaemia by promoting synthesis of prostaglandin I,, inhibiting
production of thromboxane A2, stimulating synthesis of cyclic AMP in platelets, and
inhibiting platelet aggregation (Zhao & Fang 1990, 1991). Clinical research in
humans has confirmed the observed antiplatelet effect (Zhang et al 1994).

CLINICAL USE

UPPER RESPIRATORY TRACT INFECTIONS AND THE COMMON COLD
Although sometimes investigated as a sole treatment, andrographis is also tested as
part of a herbal combination known as Kan Jang. This is a standardised formula of
Andrographis paniculata extract 85 mg, containing 5.25 mg andrographolide and
deoxyandrographolide per tablet, and Eleutherococcus senticosus extract 9.7 mg,
containing total eleutheroside B and eleutheroside E 2% (Melchior et al 2000).
Although more representative of real-life practice, results obtained with Kan Jang
make it difficult to assess the individual role of andrographis.

COMMON COLD — SYMPTOM RELIEF AND REDUCED INCIDENCE
In 2004, two different systematic reviews that investigated whether andrographis is a
suitable treatment in acute respiratory infections were published (Coon & Ernst 2004,
Poolsup et al 2004). The one conducted by Coon and Ernst from the Peninsula
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Medical School, Universities of Exeter and Plymouth, Exeter, UK was a review of seven
double-blind, controlled trials (n = 896), from which the authors concluded that

A. paniculata is more effective than placebo in treating uncomplicated URTI and is
associated with relatively few adverse events. They also concluded that preliminary
data suggested a protective effect. In five of the seven trials, the daily dose was
equivalent to 60 mg of andrographolide, which was administered for 3-8 days.

The second systematic review conducted by Poolsup et al from the Department of
Pharmacy, Faculty of Pharmacy, Silpakorn University, Nakhon-Pathom, Thailand, was
a review of four randomised controlled trials (n = 433) and they came to a similar
conclusion, finding that Andrographis paniculata either by itself or in combination
with Eleutherococcus senticosus (Kan Jang) is effective for uncomplicated acute URTI.
Symptoms responding According to double-blind studies, numerous symptoms
respond to treatment with andrographis. According to two trials that used a dose of
340 mg andrographis taken three times daily, total symptom scores improved, with
throat signs and symptoms responding most strongly (Melchior et al 2000). A third
study observed a decrease in rhinitis, sinus pain and headache compared with
placebo (Hancke et al 1995). A fourth study using a treatment dose of 1200 mg
andrographis daily found a significant reduction in tiredness and sleepiness, as well as
in sore throat and nasal secretions, by day 4 (Caceres et al 1999).

A double-blind placebo-controlled study (n = 185) that tested Kan Jang in the
treatment of acute URTI and sinusitis showed it effectively reduced headache, nasal
and throat symptoms and general malaise, but had no significant effects on cough
and ocular symptoms. Additionally, fever was moderately reduced with active . 5 N
treatment (Gabrielian et al 2002). LMM" Jlanecss ) B
Comparisons with Echinacea Although no direct head-to-head study could be
located, one study was found that compared the effects of Kan Jang to a product
known as Immunal (containing Echinacea purpurea (L.) extract) when both were used
as adjuncts to standard treatment in children with the common cold. One hundred
and thirty children were divided into three groups and received either of the
combination treatments or solely standard treatment over a 10-day period (Spasov et
al 2004). The addition of Kan Jang was shown to be significantly more effective than
Immunal when started at an early stage and produced better symptomatic relief. The
amounts of nasal secretion and congestion were particularly improved. In regards to
altering recovery time, Kan Jang was also superior to Immunal and children required
less standard medication than in the other two groups. Additionally, Kan Jang
treatment was well tolerated and no side-effects or adverse reactions were reported. Andrographis 38
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PHARYNGOTONSILLITIS

One randomised double-blind study involving 152 volunteers compared the effects of
paracetamol with two different doses of andrographis (3 g and 6 g) taken daily for

7 days (Thamlikitkul et al 1991). By day 3 the symptom-relieving effects of both
paracetamol treatment and high-dose A. paniculata were significant and by day 7
andrographis was as effective as paracetamol.

HEPATOTOXICITY PROTECTION
No clinical studies are available; however, several in vivo studies confirm
hepatoprotective effects against such hepatotoxins as paracetamol.

OTHER USES

TRADITIONAL USES

The herb is traditionally given as a restorative and tonic in convalescence and used as
a choleretic to stimulate bile production and flow, which improves appetite and
digestion. It is often used in combination with aromatic herbs, such as peppermint,
for stronger digestive effects and to prevent gastrointestinal discomfort at higher
doses.

DIABETES

Although no clinical studies are available, three in vivo studies suggest that
andrographis exerts significant dose-dependent hypoglycaemic activity comparable to
that of metformin (Borhanuddin et al 1994, Zhang & Tan 2000a, b). A 49.8%
reduction in fasting serum triglyceride levels was also achieved with andrographis
treatment compared with 27.7% with metformin; however, neither treatment
affected cholesterol levels. A more recent animal trial also concluded that
andrographolide (1.5 mg/kg) lowers plasma glucose by enhancing glucose utilisation
in diabetic rats (Yu et al 2003).

CARDIOVASCULAR DISEASE

Although clinical trials are not available, the results from several in vivo studies have

suggested a potential role for andrographis in cardiovascular disease.

Prevention of atherosclerotic arterial stenosis and restenosis after

angioplasty According to two animal studies, andrographis significantly improved

atherosclerotic iliac artery stenosis induced by both de-endothelialisation and a high-

cholesterol diet, and reduced the restenosis rate after experimental angioplasty

(Wang & Zhao 1993, 1994).

Prevention of myocardial reperfusion injury and malignant arrhthymias Andrographis 39
postoperatively Using an animal model, pretreatment with intravenous

Cilondela (}y}l inales. £

© 2007 Elsevier Australia



andrographis significantly protected the myocardium from ischaemic reperfusion e : Fad 58
injury and eliminated malignant arrhythmia development after reperfusion, compared @’ 7 B A

with controls (Guo et al 1996). As a result of treatment, infarct size was also smaller J f

and myocardial damage lessened. '
Hypertension Andrographis produced significant dose-dependent falls in mean
arterial blood pressure and heart rate when administered as an intraperitoneal
infusion in one animal study (Zhang et al 1998).

MALARIA

In vitro and in vivo studies have identified considerable antimalarial effects (Najib et al
1999, Siti Najila et al 2002). Administration of andrographis immediately after
infection and for an additional 4 days extended the life span of mice infected with
Plasmodium berghei strain ANKA (Rahman et al 1999). Four xanthones recently
isolated from A. paniculata have demonstrated antimalarial activity against
Plasmodium berghei in vivo (Dua et al 2004). Treatment with 30 mg/kg for 4 days
produced a 62% decrease in parasites in infected mice.

SNAKE BITE
Prolonged survival has been reported with intraperitoneal administration of
andrographis before administration of cobra venom (Martz 1992).

HIV INFECTION

A phase 1 clinical trial involving non-medicated HIV-positive patients and healthy
controls found that oral andrographolides taken for 6 weeks at increasing doses
produced no significant benefits and a high incidence of adverse effects, causing the
trial to be stopped prematurely (Calabrese et al 2000).

DOSAGE RANGE

URTI

Prevention dose

e 1200-3000 mg andrographis (standardised to contain no less than 11.2 mg
andrographolides) or 4-6 mL of 1:2 liquid extract, daily in divided doses, taken for
at least 3 months for preventive effects to become established.

Treatment dose for infection

e 1200-6000 mg/day or fluid extract (1:2): up to 12 mL/day or equivalent in solid
dose form.

DYSPEPSIA
e Andrographis can be taken as a tea before meals: 5 g of herb in 1 cup of hot
water, which should be allowed to stand for 10 minutes before drinking.
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TOXICITY
Animal tests suggest low toxicity (Mills & Bone 2000).

ADVERSE REACTIONS

Generally well tolerated, but high doses may cause vomiting, anorexia and
gastrointestinal discomfort. One source states that urticaria is also possible (Ernst
2001).

SIGNIFICANT INTERACTIONS
Controlled studies are not available; therefore, interactions are theoretical and based
on evidence of pharmacological activity with uncertain clinical significance.
ANTICOAGULANTS

@ Increased risk of bruising and bleeding is theoretically possible, because
andrographolide inhibits platelet aggregation factor-induced platelet aggregation —
use with caution.

ANTIPLATELET DRUGS
Additive effects are possible, because the herb exhibits antiplatelet activity — observe
patient.

BARBITURATES

Additive effects are possible, according to an animal study (Mandal et al 2001) —
observe patient. Beneficial interaction is theoretically possible under professional
supervision.

HEPATOTOXIC DRUGS (E.G. PARACETAMOL, TRICYCLIC ANTIDEPRESSANTS)
Hepatoprotection is possible, according to studies in various experimental models —
beneficial interaction.

HYPOGLYCAEMIC AGENTS

@ Additive effects are theoretically possible — andrographis has hypoglycaemic activity
comparable to that of metformin in vivo. Use together with caution; however,
interaction may be beneficial.

DRUGS METABOLISED CHIEFLY VIA THE CYTOCHROME P450 SYSTEM

Itis currently unclear whether there is a significant interaction between andrographis

and these medications, as in vivo evidence is suggestive of enzyme induction, but this

observation has not yet been investigated in clinical studies (Singh et al 2001). It is

recommended that patients be observed to ensure that drug effectiveness is not

compromised. Andrographis 41
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IMMUNOSUPPRESSANTS
@ Reduced drug activity is theoretically possible, as immunostimulant activity has been
demonstrated in vivo (Puri et al 1993) — use caution in the immunosuppressed.

CONTRAINDICATIONS AND PRECAUTIONS
Suspend use of concentrated extracts 1 week before major surgery.

PREGNANCY USE
@ Not recommended for use in pregnancy. There is conflicting evidence about the
safety of andrographis in pregnancy.

PRACTICE POINTS/PATIENT COUNSELLING

e Several clinical studies suggest that andrographis, both as a stand-alone treatment
and in combination with Siberian ginseng, is a useful treatment in cases of
common cold, pharyngotonsillitis and uncomplicated URTIs, with significant
symptom relief experienced after 3 days’ use.

e Clinical studies are lacking, but animal experiments suggest that andrographis may
be useful in cases of hepatotoxicity (paracetamol), to reduce myocardial
reperfusion injury, improve blood glucose management in diabetes, and in
hypertension.

e Traditionally, the herb is used to increase bile production and relieve symptoms of
dyspepsia and flatulence, loss of appetite and general debility.

e Due to the extreme bitterness of the herb, solid-dose forms may be better tolerated
than liquid preparations.

e Andrographis is not recommended in pregnancy.

o There are several theoretical drug interactions with this herb — check interaction
data for more details.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Andrographis has been traditionally used to improve digestion, as a liver tonic and to
fight off infection. Clinical studies confirm that it is an effective symptom-reliever for
the common cold, uncomplicated URTIs and pharyngotonsillitis. It has also been used
to reduce the risk of developing the common cold in winter.

When will it start to work?

During an acute infection, effects may be seen within 3—4 days of starting the correct
dose. Used in lower doses for prevention, effects are seen after 3 months’ continual
use.
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Are there any safety issues?
Andrographis is not recommended in pregnancy and may interact with a range of
pharmaceutical drugs, so advice from a health professional is required.
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Astragalus

Historical note The roots of astragalus have been used for more than two
thousand years by the Chinese and are considered among the most important
and popular herbs for invigorating vital energy, health promotion and strength-
ening Qi. Western herbalists began using astragalus in the 1800s in various
tonics and the gummy sap (tragacanth) is still used as an emulsifier, food
thickener and antidiarrhoeal agent.

COMMON NAME
Astragalus

OTHER NAMES
Astragali, beg kei, bei qi, hwanggi, huang-qi, milk vetch, goat's horn, green dragon,
Mongolian milk, ogi, Syrian tragacanth

BOTANICAL NAME/FAMILY
Astragalus membranaceus (family Fabaceae)

PLANT PART USED
Root

CHEMICAL COMPONENTS A ;
Saponins such as cycloastragenol, astragalosides, and cyclocanthoside are present &m@ Offcinali. L.
and suspected to be the main active group; flavonoids, polysaccharides, phytosterols -
(including beta-sitosterol), essential oil, amino acids (including gamma-aminobutyric
acid) (Duke 2003, Mills and Bone 2000).

MAIN ACTIONS
Astragalus has not been significantly investigated in clinical studies, so in vitro and
animal tests provide the evidence for its pharmacological activities.

IMMUNE ENHANCING

Several in vitro and in vivo studies confirm immune-enhancing activity. Astragalus

stimulates macrophage activity and enhances antibody responses (Chu et al 1998, Jin

et al 1994, Sugiura et al 1993). Astragalus enhances lymphocyte blastogenesis in vitro

(Sun et al 1983). Immunostimulant effects have also been observed in the presence of

immunosuppressive therapy in vivo (Jin et al 1999). Astragalus 46
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Although usually administered in the oral form, research has also been undertaken
with injectable forms. A study conducted with both normal and immunosuppressed
mice found that astragalus administration increased antibody responses and T helper
cell activity (Zhao et al 1990). A flavonoid identified in the stem and leaves of
astragalus is believed to be one of the main constituents responsible for immune
modulation (Jiao et al 1999) and more recently, several studies have identified that
astragalus polysaccharide (APS) also exerts significant biological effects.

One study investigating the effects of APS identified that it stimulates mouse B
cells and macrophage activity, but not T cells (Shao et al 2004). It has been
demonstrated that APS stimulates macrophages to produce nitric oxide (NO) through
induction of NO synthase transcription (Lee & Jeon 2005) leading to increased
cytolytic function of macrophages.

Guo et al found that the polysaccharide increases cellular and humoral immune
responses in Eimeria tenella-infected chickens when administered as 1 g in every kg of
food. When given for 1 week, it increased systemic antibodies, intestinal antibodies,
antigen-specific splenocytes and erythrocyte-antibody-complement cells as compared
with controls (Guo et al 2004a). The same research team used both in vitro and
animal models to further investigate the effects of APS and found increased beneficial
gut flora and decreased harmful gut bacteria (Guo et al 2003, 2004b).

Clinical note — Polysaccharides and immunity

One of the most promising recent alternatives to antibiotic treatment is the use of
immunomodulators for enhancing host defence responses. Several types of ;
immunomodulators have been identified, most recently botanically sourced um(&; Gficinalic L
polysaccharides isolated from mushrooms, algae, lichens and higher plants. These
polysaccharides tend to have a broad spectrum of therapeutic properties and
relatively low toxicity. One of the primary mechanisms responsible for
immunomodulation involves non-specific induction of the immune system, which is
thought to occur via macrophage stimulation and modulation of the complement
system. According to one report, polysaccharides isolated from 35 plant species
among 20 different families have been shown to increase macrophage cytotoxic
activity against tumour cells and microorganisms, activate phagocytic activity,
increase reactive oxygen species (ROS) and nitric oxide (NO) production, and
enhance secretion of cytokines and chemokines, such as TNF-alpha, IL-1beta, IL-6,
IL-8, IL-12, IFN-gamma and IFN-beta2 (Schepetkin & Quinn 2005). These effects
have a major influence on the body's ability to respond rapidly and potently to a
diverse array of pathogens, giving the polysaccharides wide clinical application.
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CARDIOVASCULAR EFFECTS — POSITIVE INOTROPIC AND HYPOTENSIVE
ACTIVITY

The effect of astragalus on heart function has been the subject of several
investigations and, most recently, a Cochrane systematic review, which analysed
studies of Chinese herbs used in viral myocarditis and concluded that astragalus
significantly improves cardiac function, arrhythmia and creatinine kinase levels (Liu et
al 2004a). The review assessed data from 10 randomised clinical trials that used a
single preparation of astragalus and one that used a combination containing mainly
astragalus; however, the authors stated that the trials had poor quality in terms of
design, reporting and methodology.

Several constituents from Astragalus spp. have demonstrated effects on heart
contractility, heart rate and blood pressure. In particular, 3-nitropropionic acid (NPA)
has been shown to decrease blood pressure and induce bradycardia when adminis-
tered as an |V preparation in normotensive rats or renal hypertensive dogs (Castillo et
al 1993). Another compound, astragaloside IV, demonstrated positive inotropic
activity in patients with congestive heart failure (Luo et al 1995).

ANTIOXIDANT

In vivo studies have found that astragalus raises superoxide dismutase activity in the
brain and liver, thus demonstrating an indirect antioxidant activity (Jin et al 1999).
The constituent, astragaloside IV (20 and 40 mg/kg), prevented the formation of
cerebral infarction after induced focal ischaemia in an animal model, most likely due
to its antioxidant and anti-inflammatory actions (Luo et al 2004)

ANTICARCINOGENIC EFFECTS u/“@&; ’(\}y'.zlgum/lu“ s
Both in vitro and animal studies indicate that astragalus may have a role as adjunctive
therapy in the treatment of some cancers. In vivo studies have shown that astragalus
extract exerts anticarcinogenic effects in carcinogen-treated mice, mediated through
activation of cytotoxic activity and the production of cytokines (Kurashige et al 1999).
An extract of the root (90 and 180 mg/kg) prevented the development of
preneoplastic lesions and delayed hepatic cancer in chemically-induced
hepatocarcinogenesis in a rat model (Cui et al 2003). The saponin, astragaloside IV,
can increase the fibrinolytic potential of cultured human umbilical vein endothelial
cells by downregulating the expression of plasminogen activator inhibitor type 1
(Zhang et al 1997). Another constituent (astragalan) increased the secretion of
TNF-alpha and TNF-beta (Zhao and Kong 1993).
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An animal study using a combination of Astragalus membranaceus and Ligustrum
lucidumastragalus demonstrated anti-tumour effects by augmenting phagocyte and
lymphokine-activated killer cell activities (Lau et al 1994).

DIGESTIVE EFFECTS

Astragalus strengthens the movement and muscle tone of the small intestine
(especially the jejunum) in animal tests, which may account for its clinical application
in a variety of common digestive symptoms (Yang 1993).

IMPROVED SPERM MOTILITY

An aqueous extract of Astragalus membranaceus was tested in vitro and found to
have a significant stimulatory effect on sperm motility (Hong et al 1992). Astragalus
has shown a significant effect on human sperm motility in vitro when compared with
controls (Liu et al 2004)

HEPATOPROTECTIVE ACTIONS

Astragalus has hepatoprotective qualities against paracetamol, carbon tetrachloride
and p-galactosamine poisoning (Zhang et al 1990). Increases in liver glutathione
levels observed as a result of the herbal treatment may be partly responsible. Studies
have identified the constituent betaine as an important contributor to this activity.

OTHER ACTIONS

Astragalus is also thought to have adaptogenic activity. It also has shown weak
oestrogenic activity in vitro when compared with other Chinese herbs and controls
(17-beta-estradiol) (Zhang et al 2005). This could partially explain its traditional use in ’
menopause. umzé: Gfecinales. 2 ‘ 7 B

CLINICAL USE

As a reflection of clinical practice, astragalus is often tested in combination with other
herbal medicines. As such, it is difficult from these trials to determine the role of
astragalus as a stand-alone treatment.

VIRAL INFECTION

Owing to its immunomodulatary actions, astragalus is widely used for preventing and
treating various viral infections. A popular use is as a preventive treatment against
common colds and influenza. To date, scientific evidence is scant to confirm
effectiveness, although one review stated that astragalus has been tested in clinical
trials in China, reducing the incidence and shortening the duration of the common
cold (Murray 1995).
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VIRAL MYOCARDITIS

Findings from a recent Cochrane systematic review of Chinese herbs used in viral
myocarditis provide limited supportive evidence for its use; however, further research
is required before a definitive conclusion can be made (Liu JP et al 2004). Several in
vivo and in vitro studies have found some antagonistic effects on the enterovirus
coxsackie B and a reduction in myocardial injury (Lu et al 1999, Peng et al 1995, Rui
etal 1993, Yang et al 1990) thought to be due to the astragalosides in the herb (Lu et
al 1999).

CARDIOVASCULAR DISEASE, INCLUDING ISCHAEMIC HEART DISEASE,
CONGESTIVE HEART FAILURE, ANGINA PECTORIS

Congestive heart failure Some of the clinical signs and symptoms recognised as
indicators for this medicine by TCM practitioners suggest that the herb may be useful
for congestive heart failure. Recent positive results obtained in clinical studies have
reinforced this possibility.

The two clinical trials have investigated continuous intravenous administration of
astragalus. One study involving 19 patients found that after 2 weeks’ continuous
administration of astragaloside IV, major symptoms were alleviated in 15 patients.
Treatment produced a positive inotropic effect, improved left ventricular modelling
and ejection function (Luo et al 1995).

The second study, involving 38 patients with congestive heart failure who were
administered astragalus 24 g intravenously for 2 weeks, found that 13.6% had
significantly shortened ventricular late potentials (Shi et al 1991).

Angina pectoris Two clinical studies have suggested that astragalus may be an
effective treatment for angina pectoris. One study used Doppler echocardiography to
study the action of astragalus on left ventricular function in 20 patients with angina
pectoris. Treatment resulted in increased cardiac output after 2 weeks, but no
improvement in left ventricular diastolic function (Lei et al 1994). One Chinese study
reported 92 patients with ischaemic heart disease who were successfully treated with
astragalus as measured by electrocardiogram readings. Results obtained with the
herb were considered superior to those obtained with nifedipine (Li et al 1995).

CANCER
Astragalus is used in cancer patients to enhance the effectiveness of chemotherapy
and reduce associated side-effects. It is additionally used to enhance immune
function.
A Cochrane systematic review of Chinese herbs for chemotherapy side-effects in Astragalus 50
colorectal cancer patients analysed the results of four trials that used a decoction
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containing astragalus (huang-qi) as the intervention with chemotherapy (Taixiang et
al 2005). Adjunctive treatment with astragalus was compared with chemotherapy
alone in three trials and two other Chinese herbal treatments in the fourth trial. When
astragalus was used, there was a significant reduction in nausea and vomiting and a
decrease in the rate of leucopenia (WBC <3 x 10%L). Increases in the proportions of
T-lymphocyte subsets (CD3, CD4 and CD8) were also reported, with no significant
effects on immunoglobulins G, A or M. Taixiang et al concluded that despite the low
quality of the trials, decoctions of astragalus may stimulate immunocompetent cells
and decrease side-effects in patients treated with chemotherapy. Additionally, no
evidence of harm was identified with use.

In a recent placebo-controlled, randomised clinical trial in 60 patients receiving
chemotherapy for non-small cell lung cancer, astragalus was shown to significantly
increase quality of life (Zou & Liu 2003). The treatment group (n = 30) received
60 mL of astragalus per day intravenously and improved survival rates and quality of
life scores were observed.

Reducing adverse effects of treatment (in combination) Zee-Cheng screened
and evaluated 116 Kampo formulas and identified 15 that potentiated therapeutic
effects, reduced adverse toxicity of various anticancer drugs, and exhibited immune-
modulating effects in cancer patients. Among these, shi-quan-da-bu-tang (SQT) was
selected as the most effective and studied further. SQT is a popular TCM herbal
combination consisting of 10 medicinal herbs, including Astragalus membranaceus.
Using both animal models and clinical studies, the herbal combination produced
several promising results (Zee-Cheng 1992). ) b ‘
Prostate cancer (in combination) Although no human studies could be located, LMM" e
encouraging results were obtained from an in vitro study investigating the effects of a

proprietary product known as Equiguard™ on prostate cancer cells. It is prepared

according to TCM principles and contains standardised extracts of nine herbs: herba

epimedium brevicornum maxim (stem and leaves), radix morindae officinalis (root),

fructus rosae laevigatae michx (fruit), rubus chingii hu (fruit), Schisandra chinensis

(Turz.) Baill (fruit), Ligustrum lucidum Ait (fruit), Cuscuta chinensis Lam (seed),

Psoralea corylifolia L. (fruit), and Astragalus membranaceus (root). It is used in TCM to

restore Qi in the urogenital region. The product was shown to significantly reduce

cancer cell growth, induce apoptosis, suppress expression of the androgen receptor

and lower intracellular and secreted prostate-specific antigen (Hsieh et al 2002).
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OTHER USES —
TRADITIONAL USES

Used within the traditional Chinese herbal medicine system, astragalus is used to
invigorate and tonify Qi and the blood, as an adaptogen, for severe blood loss,
fatigue, anorexia, organ prolapse, chronic diarrhoea, shortness of breath, sweating
and to enhance recuperation (Mills and Bone 2000).

Clinical note — The concept of an adaptogen is foreign to Western
medicine but often used in Chinese medicine

Adaptogens are considered natural bioregulators that increase the ability of the
organism to adapt to environmental factors and to avoid damage from such
factors. Herbal medicines with adaptogenic activity are used when extremes of
physical or emotional activity are present, environmental influences are severe, or
allostatic load has developed over time. The aim of treatment is to improve the
patient’s endurance and ability to deal with these changes in a healthy way, and for
abnormal parameters to shift towards normal (see also Siberian ginseng and
Glossary).

CHOLESTEROL REDUCTION (IN COMBINATION WITH OTHER HERBS)

A randomised, double-blind clinical trial compared the effects of a traditional Chinese
herbal medicine combination known as jian yan ling (which includes astragalus as a
main ingredient) to placebo in 128 hyperlipidaemic patients. After 3 months’
treatment it was found that total cholesterol, triglyceride, apoproteins and ‘ !
lipoprotein-a levels were significantly reduced in the treatment group, compared with uﬂlm, Offcinalic. <
placebo (Lu et al 1994). _

ASTHMA (IN COMBINATION WITH OTHER HERBS)

A herbal combination consisting of Astragalus membranaceus, Codonopsis pilulosa
and Glycyrrhiza uralensis was investigated in an open study for effects on airway
responsiveness. Twenty-eight patients with asthma were treated with the herbal
combination for 6 weeks, after which values for FVC, FEV1 and PEF were all higher
than at baseline (Wang et al 1998).

MEMORY DEFICITS (IN COMBINATION WITH OTHER HERBS)

In TCM, invigorating Qi and warming Yang are believed to have a beneficial
therapeutic effect on some brain diseases, such as senile dementia. Some studies have
been conducted to determine the outcome of following this ancient principle.
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A decoction of astragalus produced neuroprotective effects in rats with exper-
imentally induced cerebral ischaemia (Quan and Du 1998), and memory enhance-
ment has been observed in vivo (Jin et al 1999).

One article reports on 100 cases of children with minimal brain dysfunction and
compared the effects of a TCM combination (Bupleurum chinense, Scutellaria
baicalensis, Astragalus membranaceus, Codonopsis pilulosa, Ligustrum lucidum,
Lophatherum gracile and thread of ivory) to the Western medical approach
(methylphenidate (Ritalin™) 5-15 mg/day). A collation of results found that the
herbal treatment produced a clinically effective rate of 87.5% compared with 90% in
the Ritalin group, with the herbal treatment group reporting fewer side-effects
(Zhang and Huang 1990).

DOSAGE RANGE

e Dried root: 2-30 g/day.

e Liquid extract (1:2) or solid dose equivalent: 4.5-8.5 mL/day.

e Decoction: 8-12 g divided into two doses daily on an empty stomach.

TOXICITY
Animal studies have shown that the herb has a wide safety margin.

ADVERSE REACTIONS
None known.

SIGNIFICANT INTERACTIONS
Interactions are theoretical and based on in vitro and in vivo data; therefore, clinical
significance is unclear and remains to be confirmed. Crlenduda Qfficinali 2

IMMUNOSUPPRESSANT MEDICATION
@ Reduced drug activity is theoretically possible, as immunostimulant activity has been
demonstrated — use caution in the immunosuppressed.

POSITIVE INOTROPIC DRUGS

Additive effects are theoretically possible with intravenous administration of astraga-
lus, based on positive inotropic activity identified in clinical studies. The clinical
significance of these findings for oral dose forms is unknown — observe patients
using high-dose astragalus preparations.

CHEMOTHERAPY

Adjunctive treatment with astragalus may have beneficial effects in regards to

improving patient wellbeing and reducing adverse effects associated with treatment Astragalus 53
such as nausea and vomiting — only use combination under professional supervision
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CONTRAINDICATIONS AND PRECAUTIONS
According to the principles of TCM, astragalus should not be used during the acute
stages of an infection.

PREGNANCY USE
Safety is unknown although no evidence of fetal damage has been reported in animal
studies (Mills & Bone 2005).

PRACTICE POINTS/PATIENT COUNSELLING

e Astragalus is widely used as an immunostimulant medicine to reduce the incidence
of the common cold and influenza.

e ltis also used to enhance recuperation and reduce fatigue.

e According to TCM practice it is widely used to invigorate and tonify Qi and the
blood, and as an important adaptogen.

e Under the TCM system of use, astragalus is not used during periods of acute
infection.

e In clinical practice it is often used in combination with other herbs such as
Bupleurum chinense, Scutellaria baicalensis and Codonopsis pilulosa. As such, most
clinical trials have tested combination formulas.

o |t appears to be well tolerated; however, several theoretical interactions exist.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Astragalus appears to have numerous biological effects, such as digestive and
immune system stimulation and heart muscle stimulation. Early research suggests . . 7y
that it may have a role in the treatment of asthma, memory deficits, elevated i utasiaie ] |
cholesterol levels and as an adjunct to chemotherapy treatment for cancer.

When will it start working?

This will depend on the indication and dose; some studies have shown that effects

can begin within 2 weeks.

Are there any safety issues?

Overall the herb appears to be safe, although it has the potential to interact with

some medicines.
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Baical skullcap

Historical note Baical skullcap is a TCM herb used to clear ‘heat and dry
dampness’. Diseases with heat are associated with symptoms such as fever,
irritability, thirst, cough and expectoration of thick, yellow sputum. Damp
diseases may be associated with diarrhoea, a feeling of heaviness of the chest
and painful urination (Bensky & Gamble 1986). From a modern perspective this
suggests that baical may be useful for infection and inflammation of the
respiratory, digestive and urinary systems. Scientific investigations have indeed
shown that baical skullcap and its constituents have antibacterial, antiviral, anti-
inflammatory, hepatoprotective and diuretic actions (Zhang et al 2001).

OTHER NAMES
Baical skullcap, Chinese skullcap, Huang qgin (Mandarin), ogon (Japanese), scute

BOTANICAL NAME/FAMILY
Scutellaria baicalensis Georgi (family Lamiaceae)

PLANT PART USED
Root

CHEMICAL COMPONENTS
Baical skullcap contains numerous flavonoids and their glycosides. The main
flavonoids are baicalin and its aglycone, baicalein and wogonin. Resin and tannins are L
also present.

Baical also contains melatonin. It has been shown that dietary melatonin directly
contributes to the circulating level of the hormone. The clinical effects of plant-
derived melatonin remains to be investigated (Hardeland & Poeggeler 2003). Baicalin
itself is poorly absorbed from the gut, but is hydrolysed to its aglycone, baicalein, by
intestinal bacteria and then restored to its original form from the absorbed baicalein
in the body (Akao et al 2000).

MAIN ACTIONS
The actions of baical skullcap, some of its individual constituents, and combination
formulations have been studied in various models.

Cibendnla (}/zl inalis. L,
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ANTI-INFLAMMATORY = Fad_5€
The anti-inflammatory activity of baical skullcap has been well documented by in vitro | j
and in vivo studies. The main constituents responsible are baicalein and wogonin
(Chang et al 2001, Chi et al 2001, Chung et al 1995, Krakauer et al 2001, Li et al
2000, Park et al 2001, Wakabayashi 1999).

In a study using mice, baicalein 50 mg/kg has been shown to ameliorate the
inflammatory symptoms of induced colitis, including body weight loss, blood
haemoglobin content, rectal bleeding and other histological and biochemical
parameters (Hong et al 2002). Pretreatment with wogonin also significantly reduced
ethanol-induced gastric damage in vivo (Park et al 2004) and reduced
immunoglobulin E, IL-4, IL-5 and IL-10 secretion in a colitis-induced mouse model
(Lim 2004). The methanolic extract of the baical skullcap root and its flavonoids
wogonin, baicalein and baicalin have been shown to inhibit lipopolysaccharide-
induced inflammation of the gingivae (gums) in vivo. The three flavonoids exerted an
anti-inflammatory effect similar to prednisolone. In addition, the flavonoids exerted a
moderate inhibition (33-36%) of collagenolytic activity, comparable to the 40%
inhibition by tetracycline. Meanwhile, the cellular activity of fibroblasts was aug-
mented remarkably (40%) by baicalein and slightly by baicalin and wogonin.
Consistent with the cellular activation, the flavonoids enhanced the synthesis of both
collagen and total protein in fibroblasts in vitro (Chung et al 1995).

The anti-inflammatory mechanisms are varied and summarised below.
Chemokine binding It has been proposed that the anti-inflammatory activity is
partly caused by limiting the biological function of chemokines. i 5

Excessive release of pro-inflammatory cytokines mediates the toxic effect of L’“‘M" e
superantigenic staphylococcal exotoxins. In vitro data suggest that baicalin may be
therapeutically useful for mitigating the pathogenic effects of staphylococcal
exotoxins by inhibiting the signalling pathways activated by superantigens (Krakauer
etal 2001).

Baicalin inhibited the binding of a number of chemokines to human leukocytes or
cells expressing specific chemokine receptors, with an associated reduced capacity of
the chemokines to induce cell migration. Based on these results, it is possible that the
anti-inflammatory mechanism of baicalin is to bind a variety of chemokines and limit
their biological function (Bao et al 2000, Li et al 2000).

Four major flavonoids from baical have been shown in vitro to suppress eotaxin.

Eotaxin is an eosinophil-specific chemokine associated with the recruitment of
eosinophils to sites of allergic inflammation. Eotaxin is produced by IL-4 plus TNF- Baical skullcap 58
alpha-stimulated human fibroblasts. This may explain why it has been used
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traditionally in the treatment of bronchial asthma (Nakajima et al 2001). Various
flavonoids, including wogonin and baicalein, have been shown to inhibit chemically
induced histamine release from rat mast cells in vitro (Kubo et al 1984).

COX-2 inhibition Wogonin is a direct COX-2 inhibitor. Wogonin inhibits both
inducible nitric oxide synthase and cyclo-oxygenase 2 induction (Chen et al 2001, Chi
et al 2001, Wakabayashi & Yasui 2000). Wogonin has been shown to inhibit
inducible PGE, production in macrophages by inhibiting COX-2 (Wakabayashi & Yasui
2000).

Wogonin may be beneficial for COX-2-related skin disorders. When applied
topically to the dorsal skin of mice, it inhibited COX-2 expression and PGE,
production (Byoung et al 2001, Chi et al 2003, Park et al 2001).

Lipoxygenase inhibition The inhibition of the 5-lipoxygenase pathway of
arachidonic acid metabolism may be one of the mechanisms of baicalein’s anti-
inflammatory activity according to an in vivo study (Butenko et al 1993).

Nitric oxide synthase inhibition Baicalein and wogonin attenuate
lipopolysaccharide-stimulated nitric oxide synthase induction in macrophages, which
helps to explain the anti-inflammatory action of these flavonoid compounds
(Wakabayashi 1999).

Antioxidant activity The anti-inflammatory activity of baicalein may be associated
with inhibition of leukocyte adhesion by the scavenging of reactive oxygen
intermediates (Shen et al 2003).

ANTIFIBROTIC ‘ .
A methanolic extract of baical skullcap has been shown to inhibit fibrosis and lipid um&, Offpcinalis. &
peroxidation induced by bile duct ligation or carbon tetrachloride in rat liver. Bile duct —
ligation in rodents is an experimental model for extrahepatic cholestasis caused by,
for example, cholelithiasis (gall stones). Liver fibrosis was assessed by histological
observation and by measuring levels of liver hydroxyproline, lipid peroxidation based
on malondialdehyde production, and serum enzyme activities. Treatment with baical
skullcap significantly reduced the levels of liver hydroxyproline and malondialdehyde,
with improved histological findings (Nan 2002).

HEPATOPROTECTIVE

Baicalein, baicalin and wogonin have been shown to have hepatoprotective effects in

vivo. The flavonoids decrease the toxicity produced by a variety of chemicals.

Significant protective effects were seen by comparing the serum levels of AST and ALT

and histopathologic examination (Lin & Shieh 1996). Baical skullcap 59
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The combination Sho-saiko-to has been shown to inhibit chemical
hepatocarcinogenesis in animals, act as a biological response modifier and suppress
the proliferation of hepatoma cells by inducing apoptosis and arresting the cell cycle.
These effects may be due to baicalin, baicalein and saikosaponins (from Bupleurum
falcatum), which have the ability to inhibit cell proliferation (Shimizu 2000).

Baical flavonoids inhibit hepatic CYP1A2, suggesting that baical extract may be
hepatoprotective via prevention of CYP1A2-induced metabolic activation of toxins
(Kim et al 2002).

ANTIOXIDANT

Several studies have shown baical skullcap constituents to be antioxidant in vitro and
in vivo. Flavones produced a concentration-dependent protection of liposome
membrane against UV-induced oxidation. The ability to scavenge free radicals and
protect against the effects of lipid peroxidation (in this case caused by sunlight
irradiation) may in part account for the herb’s underlying mechanism of action
(Gabrielska et al 1997).

Fourteen flavonoids and flavone glycosides have been demonstrated to possess
good free radical scavenging properties in vitro (Gao et al 1999, Lin & Shieh 1996).
Baicalin has been found to have the most potent antioxidant effect (Bochorakova et al
2003).

Baicalin’s antioxidant effect is based on scavenging superoxide radicals, whereas
baicalein is a good xanthine oxidase inhibitor. Xanthine oxidase inhibitors are known
to be therapeutically useful for the treatment of hepatitis and brain tumours (Gao et
al 2001).

Oxidative stress plays an important role in the pathological process of
neurodegenerative diseases including Alzheimer's disease. The protective effects of
baical flavonoids on the oxidative injury of neuronal cells have been demonstrated in
vitro (Choi et al 2002, Gao et al 2001).

ANTI-ALLERGIC

Flavonoids have anti-allergic activities and are known to inhibit histamine release from

basophils and mast cells. Luteolin and baicalein have been shown to inhibit IgE

antibody-mediated immediate and late phase allergic reactions in mice. In an in-vitro

study, luteolin and baicalein inhibited IgE-mediated histamine release from mast cells.

The compounds also inhibited IgE-mediated TNF-alpha and IL-6 production from

mast cells. However, the compounds did not affect the histamine, serotonin or

platelet-activating factor-induced cutaneous reactions in rats (Kimata et al 2000). Baical skullcap 60
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Wogonin, wogonoside and 3,5,7,2',6'-pentahydroxyl flavanone isolated from baical
skullcap decrease histamine, leukotriene B4 and IgE in vitro (Lim 2004).

Baicalein is 5-10-fold more potent than the anti-allergic drug, azelastine. Baicalein
significantly suppressed leukotriene C4 release by polymorphonuclear leukocytes
obtained from asthmatic patients compared with healthy subjects (Niitsuma et al
2001).

NEUROPROTECTIVE

Many in vitro and in vivo trials have demonstrated the neuroprotective effects of
flavonoids derived from baical skullcap (Cho & Lee 2004, Heo et al 2004, Piao et al
2004, Shang et al 2006, Son et al 2004).

Cerebral ischaemia can cause a significant elevation in the concentrations of
amino acid neurotransmitters in the cerebral cortex. Baicalin administration can
attenuate the elevations of glutamic acid and aspartic acid induced by cerebral
ischaemia. This research demonstrates that baicalin may act as a neuroprotectant
during cerebral ischaemia. Wogonin has been shown to exert a neuroprotective effect
by inhibiting microglial activation, which is a critical component of pathogenic
inflammatory responses in neurodegenerative diseases. Wogonin inhibited inflamma-
tory activation of cultured brain microglia by diminishing lipopolysaccharide-induced
TNF-alpha, IL-1-beta and NO production. Wogonin inhibited NO production by
suppressing iNOS induction and NF-kappa-B activation in microglia. The
neuroprotective effect of wogonin has also been shown in vivo using two
experimental brain injury models (Lee et al 2003).

A recent in vivo study in rats induced with permanent global ischaemia
demonstrated that daily oral doses of baical skullcap flavonoids (35 mg/kg) for
19-20 days statistically increased learning and memory ability and attenuated neural
injury (Shang et al 2005).

Baical skullcap is used in TCM for the treatment of stroke. Methanol extracts from
the dried roots (0.1-10 mg/kg IP) significantly protected neurons against 10 min
transient forebrain ischaemia. The extract inhibited microglial TNF-alpha and NO
production, and protected cells from hydrogen peroxide-induced toxicity in vitro (Kim
etal 2001).

HYPOTENSIVE

Treatment with baicalein lowered blood pressure in hypertensive but not in

normotensive rats according to one study (Takizawa et al 1998). Baical extract and

baicalein have also been shown to lower blood pressure in rats and cats (Kaye et al Baical skullcap 61
1997, Takizawa et al 1998). The exact mechanisms underlying the hypotensive action
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are unclear. One in vivo study has shown that Scutellaria baicalensis extract produces
peripheral vasodilatation (Lin et al 1980). A recent review concluded that baical
skullcap is effective for renin-dependent hypertension and that in vivo effects may be
due to the inhibition of lipoxygenase, reducing the production and release of
arachidonic-acid derived vasoconstrictor substances (Huang et al 2005).

VASCULAR ACTIVITY

Monocyte chemotactic protein-1 (MCP-1), a potent chemoattractant for monocytes,
plays a crucial role in cases of early inflammatory responses, including atherosclerosis.
Wogonin has been shown to inhibit MCP-1 induction by endothelial cells in a dose-
dependent manner. Wogonin and baical skullcap may be potentially beneficial in
inflammatory and vascular disorders (Chang et al 2001).

ANTIPLATELET

Baical flavonoids have been shown to inhibit platelet aggregation in vitro (Kubo et al
1985). Baicalein inhibited the elevation of calcium induced by thrombin and thrombin
receptor agonist peptide. These findings suggest a potential benefit of baicalein in the
treatment of arteriosclerosis and thrombosis (Kimura et al 1997).

CHOLESTEROL REDUCTION

Flavonoids are known to reduce cholesterol. A 30-day study of induced
hyperlipidaemia in rats found that baicalein, quercetin, rutin and naringin reduced
cholesterol, with baicalein being the most potent. Baicalein was also the most
effective flavonoid in reducing triglyceride levels (De Oliveira et al 2002). In another in
vivo study, rats were fed a cholesterol-laden diet and half were also given S.
baicalensis radix extract (Regulska-llow et al 2004). The treatment rats displayed a
significant reduction in plasma triglycerides and total cholesterol as compared with
control animals.

ANXIOLYTIC

Wogonin, baicalein, scutellarein and baicalin (in reducing order of potency), which all
contain a certain flavonoid phenylbenzopyrone nucleus, have been shown in vitro to
bind with the benzodiazepine site of the GABA-A receptor (Hui et al 2000).

Oral administration of wogonin (7.5-30 mg/kg) has been shown to interact with
GABA-A receptors and produce an anxiolytic response that was similar to diazepam in
the elevated plus-maze. Unlike benzodiazepines, wogonin was able to reduce anxiety
without causing sedation or myorelaxation (Hui et al 2002, Kwok et al 2002).

Colonduda Oficinalis. 277 |
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Baicalin (10 mg/kg IP) and baicalin (20 mg/kg IP) have also been shown in vivo to
produce an anxiolytic effect, mediated through activation of the benzodiazepine
binding sites of GABA-A receptors (Liao et al 2003).

Two other flavones, 5,7-dihydroxy-6-methoxyflavone (oroxylin A) and 5,7,2'-
trihydroxy-6,8-dimethoxyflavone (K36), also act as antagonist at the GABA-A
recognition site and have demonstrated anxiolytic activity in vivo (Huen et al 2003a,
b).

A water-extract of baical skullcap demonstrated anticonvulsant activity against
electroshock-induced tonic seizures in vivo. Interestingly, the authors suggest that the
effect might not be via the activation of the benzodiazepine binding site of GABA-A
receptors, but probably via the prevention of seizure spread (Liao et al 2003, Wang et
al 2000).

ANTIMICROBIAL
Numerous studies have found that baical extract and flavonoids exert antibacterial,
antiviral and antifungal actions. The antimicrobial effect of baical extract is mild and
the clinical efficacy of baical in infectious diseases may be more associated with its
anti-inflammatory rather than its antimicrobial activities.
Antibacterial Baical skullcap decoction was investigated for bacteriostatic and
bactericidal activity against a selection of oral bacteria, including suspected
periodontopathogens. At a concentration of 2%, the decoction was bacteriostatic for
8 of 11 bacteria tested, but a concentration of 3.13% or greater was required for
bactericidal effect (Tsao et al 1982). i !
Baical aqueous-extract, but not its flavonoids, baicalin and baicalein, demon- u,,,m, Offfcinalic.
strated antibacterial effects against the enteric pathogen Salmonella typhimurium. —
The effect was compatible with commercial antibiotics including ampicillin,
chloramphenicol, and streptomycin. In contrast, the growth of a non-pathogenic
Escherichia coli strain was unaffected by baical (Hahm et al 2001). One study
demonstrated that the addition of baical skullcap in vitro improved the responsive-
ness of antibiotics for the treatment of MRSA (Yang et al 2005).
Antiviral Antiviral effects have been demonstrated for baical in numerous in vitro
and in vivo tests. Baical extract significantly inhibit hepatitis C RNA replication in vivo
(Tang et al 2003) and in vitro studies have found that:
e Intraperitoneal and intranasal administration of baical flavonoids significantly
inhibits influenza virus in vivo and in vitro (Nagai et al 1989, 1992a, b, 1995a, b).
e Baical extract was bactericidal in vitro against periodontal pathogens isolated from
patients with periodontal disease (Tsao et al 1982).
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e Baicalein inhibits HIV-1 infection at the level of viral entry (a process known to
involve interaction between HIV-1 envelope proteins and the cellular CD4 and
chemokine receptors) (Li et al 2000b).

Bacalin inhibits human T-cell leukaemia virus type | (HTLV-I) (Baylor et al 1992).

Aqueous extract inhibits HIV type-1 protease (Lam et al 2000).

Baicalin inhibits HIV-1 infection and replication (Li et al 1993).

Baical flavonoids inhibit Epstein-Barr virus early antigen activation (Konoshima et al

1992).

e \Wogonin suppresses hepatitis B virus surface antigen production without evidence
of cytotoxicity (Huang et al 2000).

e 5,7,4-trihydroxy-8-methoxyflavone inhibits the fusion of influenza virus with
endosome/lysosome membrane (Nagai et al 1995a).

o Virus replication is suppressed, partly by inhibiting the fusion of viral envelopes
with the endosome/lysosome membrane which occurs at the early stage of the
virus infection cycle (Nagai et al 1995b).

e The flavones in baical have potent influenza virus sialidase inhibitory activity and
anti-influenza virus activity in vivo (Nagai et al 1992b).

e Baicalin reduces the pathogenic effects of superantigenic staphylococcal exotoxins
by inhibiting the signalling pathways activated by superantigens (Krakauer et al
2001).

e Baicalin may selectively induce apoptosis of HIV-infected human T-leukaemia
(CEM-HIV) cells, which have a high virus-releasing capacity, and stimulate
proliferation of CEM-HIV, which have a relatively lower capacity of HIV-production
(Wu et al 1995).

Antifungal Antifungal activity has been demonstrated by several studies (Blaszczyk

et al 2000, Yang et al 1995). Baical extract showed clear fungistatic activities in vitro

against some cutaneous and unusual pathogenic fungi, and particularly upon strains
of Candida albicans, Cryptococcus neoformans and Pityrosporum ovale. The

antifungal substance was isolated and found to be baicalein (Yang et al 1995). Of 56

Chinese antimicrobial plants, baical root extract had the highest activity against C.

albicans (Blaszczyk et al 2000).

ANTI-ULCEROGENIC
Extracts prepared from grass and roots of S. baicalensis showed high antiulcerogenic
activity in vivo (Amosova et al 1998).
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ANTIDIABETIC

5-alpha-aldose inhibition Diabetic patients may accumulate intracellular quan-
tities of the sugars sorbitol and dulcitol, because of an increase in the polyol pathway
involving the enzyme 5-alpha-aldose. Oral baicalin and liquid extract of licorice (also
rich in flavonoids) reduced the sorbitol levels in the red blood cells of diabetic rats (Lin
et al 1980, Zhou & Zhang 1989).

Alpha-glucosidase inhibition Alpha-glucosidase inhibitors (e.g. acarbose) are a
class of oral medicine for type 2 diabetes, which blocks the enzymes that digest
starches in food. The result is a slower and lower rise in blood glucose throughout the
day, especially immediately after meals. Methanol extracts of Scutellaria baicalensis,
Rheum officinale and Paeonia suffruticosa showed potent inhibitory activity against
rat intestinal sucrase. The active principles were identified as baicalein and methyl
gallate (from the latter two plants). In addition to its activity against the rat enzyme,
baicalein also inhibited human intestinal sucrase in vitro (Nishioka et al 1998).

ANTI-EMETIC
Pretreatment with baical root extract has been shown to decrease cisplatin-induced
pica in rats (animal models use the level of kaolin [a type of clay] intake as a measure
of the intensity of nausea). This suggests that baical may help to reduce cisplatin-
induced nausea and emesis during cancer therapy (Aung et al 2003, Mehendale et al
2004, Wu et al 1995), although clinical testing is required to confirm significance.

In a recent in vivo trial, S. baicalensis was found to significantly attenuate ritonavir-
induced pica, and demonstrate possible efficacy for the management of ritonavir-
induced nausea in HIV treatment (Aung et al 2005).

RENAL-URINARY ACTIVITY

Baicalein inhibited angiotensin ll-induced increases in the cellular protein content of
aortic smooth muscle cells in vitro (Natarajan et al 1994). In another in vitro study,
baicalein prevented the angiotensin Il-induced increase in renal vascular resistance by
50% and promoted glomerular filtration rate (Bell-Quilley et al 1993). Pretreatment
with baicalein significantly inhibited a decrease in nephrotoxin-induced glomerular
filtration rate and renal blood flow in vivo (Wu et al 1993). Oral intake of baical
flavonoids and extract has been shown to produce a diuretic effect.

ANTICANCER

Immunostimulation Sho-saiko-to has been shown to stimulate granulocyte

colony-stimulating factor (G-CSF), which may explain its use in infectious diseases and

cancer (Yamashiki et al 1992). Like growth hormone, IL-2 and -4 and interferon, Baical skullcap 65
G-CSF is a signalling ligand that stimulates immune function. G--CSF, a glycoprotein
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produced mainly by macrophages, induces proliferation of neutrophil colonies and
differentiation of precursor cells to neutrophils. It also stimulates the activity of
mature neutrophils (Hill et al 1993).

Sho-saiko-to is known to significantly suppress cancer development in the liver.
Moderate regulation of the cytokine production system in patients with hepatitis C by
using Sho-saiko-to may be useful in the prevention of disease progression (Yamashiki
et al 1997). One possible mechanism for the beneficial effects of this formula in
patients with liver cirrhosis may be the improvement in production of IL-12, which is
an important cytokine for maintenance of normal systemic defence and
bioregulation. This effect of Sho-saiko-to is attributed to two of its seven herb
components, baical and licorice root (Yamashiki et al 1999).

Patients who were given baical skullcap showed a tendency towards an increase in
the relative number of T-lymphocytes and their theophylline-resistant population
during antitumour chemotherapy. The immunoregulation index in this case was
approximately twice the background value during the whole period of investigation.
The inclusion of baical skullcap in the therapeutic complex promoted an increase in
the number of immunoglobulins A at a stable level of IgG (Smolianinov et al 1997).
Apoptosis induction Baicalein, baicalin and wogonin have been shown to induce
apoptosis, disrupt the mitochondria and inhibit proliferation in various human
hepatoma cell lines (Chang et al 2002, Chen et al 2000). The platelet-type 12-
lipoxygenase (12-LOX) pathway is a critical regulator of prostate cancer progression
and apoptosis by affecting various proteins regulating these processes. Baicalein
inhibits 12-LOX and may be a potential therapeutic agent in the treatment of prostate | . b 7
cancer (Pidgeon et al 2002) as well as breast cancer (Tong et al 2002). LMM" e ) B
Antiproliferative Baicalein, baicalin and wogonin have been shown to induce
apoptosis and inhibit proliferation in various human hepatoma cell lines (Chang et al
2002).

Baicalin has been shown to inhibit the proliferation of prostate cancer cells in
vitro. However, the response to baicalin differed among different cell lines (Chan et al
2000).

COX-2, which converts arachidonic acid to PGE,, is highly expressed in head and
neck squamous cell carcinoma (HNSCC). Scutellaria baicalensis, but not baicalein,
suppressed proliferation cell nuclear antigen expression and PGE, synthesis. A 66%
reduction in tumour mass was observed in the mice with HNSCC. Baical selectively
and effectively inhibits cancer cell growth in vitro and in vivo and can be an effective
chemotherapeutic agent for HNSCC (Zhang et al 2003). Baical skullcap 66
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In a recent study designed to determine the ability of baical skullcap to inhibit
various human cancer cells in vitro, S. baicalensis demonstrated a significant dose-
dependent, growth inhibition on squamous cell carcinoma, breast cancer,
hepatocellular carcinoma, prostate carcinoma and colon cancer cell lines (Ye et al
2002). Prostate and breast cancer cells were particularly sensitive. Baical skullcap has
also been shown to arrest mouse leukaemia cell proliferation in vivo (Ciesielska et al
2002, 2004). Inhibition of PGE, synthesis via suppression of COX-2 expression may be
responsible for its anticancer activity (Ye et al 2002). Differences in the biological
effects of baical compared with baicalein suggest the synergistic effects among
components in baical (Zhang et al 2003).

Baicalein, baicalin and wogonin have been shown to reduce proliferation of
human bladder cancer cell lines in a dose-dependent manner, but baicalin exhibited
the greatest antiproliferative activity. In an in vivo study baical skullcap extract had a
significant inhibition of tumour growth (P < 0.05) (lkemoto et al 2000).

Adjunct to chemotherapy In experiments with murine and rat transplantable
tumours, baical skullcap extract treatment improved cyclophosphamide and 5-
fluorouracil-induced myelotoxicity and to decrease tumour cell viability (Razina et al
1987).

Prevention of metastases The advancement of Pliss’ lymphosarcoma in rats is
associated with disorders of platelet-mediated haemostasis, presenting with either
lowered or increased aggregation activity of platelets. Extract of baical was shown to
produce a normalising effect on platelet-mediated haemostasis whatever the pattern
of alteration. This activity is thought to be important for antitumour and, particularly, . X ‘
metastasis-preventing effects (Razina et al 1989). LMM" e

Experiments in mice inoculated with metastasing Lewis lung carcinoma showed
that the antitumour and antimetastatic effects of cyclophosphamide are potentiated
by baical, rose root (Rhodiola rosea), licorice (Glycyrrhiza glabra), and their principal
acting components, baicalin, paratyrosol and glycyrrhizin (Razina et al 2000).

Chemoprevention Baicalein prevents chemically-induced DNA damage in a cell
culture model (Chan et al 2002).

Anti-angiogenesis Baicalein and baicalin have demonstrated anticancer activity
against several cancers in vitro. The flavonoids have also been shown to be potent
inhibitors of angiogenesis in vitro and in vivo. Baicalein was found to be more potent
than baicalin (Liu et al 2003).

CLINICAL USE

Baical skullcap is an ingredient in the very popular traditional Chinese/Japanese

formulation, Minor Bupleurum Combination, known as Xiao Chai Hu Tang (Chinese)
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and Sho-saiko-to (Japanese). Minor Bupleurum Combination has been used in China
for about 3000 years for the treatment of pyretic diseases.

Minor Bupleurum Combination (Sho-saiko-to) is now a prescription drug ap-
proved by the Ministry of Health and Welfare of Japan and widely used in the
treatment of chronic viral liver diseases. Since 1999, Sho-saiko-to has been
administered to 1.5 million patients with chronic liver diseases, because it can
significantly suppress cancer development in the liver (Yamashiki et al 1999). Sho-
saiko-to is also used for the treatment of bronchial asthma in Japan (Nakajima et al
2001).

Minor Bupleurum Combination (Sho-saiko-to, Xiao Chai Hu Tang)
e Bupleurum falcatum (bupleurum)

e Scutellaria baicalensis (baical skullcap)

e Pinellia ternate (pinellia)

e Panax ginseng (Korean ginseng)

e Zizyphus jujube (zizyphus)

e Glycyrrhiza uralensis (Chinese licorice)

e Zingiber officinale (ginger)

RESPIRATORY INFECTION
Sixty patients with respiratory infection (mainly nosocomial pneumonia) were treated
either by injection of baical compound or piperacillin sodium (IV). The total efficacy
was evaluated after treatment for 1 week.
o Total effective treatment rates were 73.3% for baical compared with 76.7% in the . . 7y
antibiotic treatment group. Sl il i _
e Body temperature was decreased similarly and symptoms disappeared or were
relieved in 11.67 = 6.75 days with the herb and 11.53 = 7.30 days with the
antibiotic.
e In the piperacillin sodium group, fungal infections occurred in 4 of 30 patients, but
there were none in the baical treatment group (Lu 1990).

BONE MARROW STIMULATION DURING CHEMOTHERAPY

Haemopoiesis was studied in 88 patients with lung cancer during combination
treatment with chemotherapy and a S. baicalensis extract. Administration of the plant
preparation was associated with haemopoiesis stimulation, intensification of bone
marrow erythrocytopoiesis and granulocytopoiesis, and increased numbers of circu-
lating precursors of erythroid and granulomonocytic colony-forming units (Goldberg
et al 1997).

Baical skullcap 68
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EPILEPSY (IN COMBINATION WITH OTHER HERBS)

Saiko-keishi-to, a spray-dried decoction of Bupleurum, (cinnamon, peony, ginger,
licorice, ginseng, pinellia, zizyphus and baical) was administered to 24 people with
epilepsy, who had frequent uncontrollable seizures (3-5 seizures per day in the most
severe case and 5 seizures per month in the mildest case) of various types, despite
treatment with pharmaceutical anticonvulsants. Of them, 6 were well controlled with
Saiko-keishi-to whereas 13 experienced improvement and 3 showed no effect. No
patients experienced worsening of their condition. Two patients dropped out during
treatment (Narita et al 1982).

CHRONIC ACTIVE HEPATITIS (IN COMBINATION WITH OTHER HERBS)

In a double-blind, multicentre clinical study of 222 patients with chronic active
hepatitis, Sho-saiko-to was found to significantly decrease AST and ALT values
compared with placebo. The difference between the treatment and placebo groups in
the mean value was significant after 12 weeks. In patients with chronic active type B
hepatitis, a tendency towards a decrease of HBeAg and an increase of anti-HBe
antibodies was also observed. No remarkable side effects were noticed (Hirayama et
al 1989).

LIVER FIBROSIS (IN COMBINATION WITH OTHER HERBS)

Minor Bupleurum Combination (Sho-saiko-to) has been shown to play a
chemopreventive role in the development of hepatocellular carcinoma in cirrhotic
patients in a prospective study and several studies have demonstrated the preventive
and therapeutic effects of Sho-saiko-to on experimental hepatic fibrosis (Shimizu ‘ ;
2000). Sho-saiko-to has been shown to inhibit the activation of hepatic stellate cells, Lf:im(‘a!;: Gfecinales. 2
the major collagen-producing cells. Sho-saiko-to has a potent antifibrotic effect by
inhibiting oxidative stress in hepatocytes and hepatic stellate cells. It is proposed that
the active components are baicalin and baicalein, because they both have chemical
structures very similar to silybinin, the active compound in Silybum marianum (St
Mary's thistle), which exhibits antifibrotic activities.

OTHER USES
Because of its wide range of pharmacological effects, baical skullcap is used for many
different indications. Although controlled trials are not yet available to determine its
effectiveness, evidence from in vitro and animal studies provides a theoretical basis for
the following uses:
e Chronic inflammatory conditions such as asthma, arthritis and allergies (anti-
allergic and anti-inflammatory effects). Baical skullcap 69
e Hepatitis (as a hepatoprotective agent).
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e Common infections such as the common cold (antimicrobial and immunostimulant
effects).
e Nausea and vomiting (anti-emetic effect).
o Mild hypertension (hypotensive activity demonstrated in several animal models).
In practice, baical skullcap is used in combination with other herbs for these
conditions.

DOSAGE RANGE
o Dried herb: 6-15 g/day (Bensky & Gamble 1986).
e Liquid extract (1:2): 30-60 mL/week or 4.5-8.5 mL/day in divided doses.

ADVERSE REACTIONS

There have been several case reports of Sho-saiko-to-induced interstitial pneumonia
(Liu et al 2002). One case of Sho-saiko-to-induced pneumonia in a patient with
autoimmune hepatitis was reported (Katou et al 1999); however, direct toxicity is very
low.

Toxicity studies of three different traditional Chinese/Japanese formulations
containing baical suggests a very low acute or subchronic toxicity for the herbs in
them. The studies found no herb-related abnormalities such as changes in body
weight or food consumption, abnormalities on ophthalmological and haematological
examination, urinalysis and gross pathological examination, changes in organ weights
or optical microscopic examination (lijima et al 1995, Kanitani et al 1995, Kobayashi
et al 1995, Minematsu et al 1992, 1995). The acute lethal activity of wogonin is low,
with an LDsq of 3.9 g/kg (Kwok et al 2002).

SIGNIFICANT INTERACTIONS
There are reports of baical flavonoids interacting with P450 enzymes. Baical
flavonoids inhibit hepatic CYP1A2 (Kim et al 2002) and CYP2E1 expression (Jang et al
2003). Theoretically, inhibition of CYP1A2 and CYP2E1 may affect certain medical
drugs metabolised by these P450 enzymes. There are, however, no clinical reports of
such herb-drug interactions.
Sho-saiko-to during interferon therapy Sho-saiko-to, as well as interferon, is
@ used for the treatment of chronic hepatitis. There have been reports of acute
pneumonitis due to a possible interferon—herb interaction. Pneumonitis, also called
extrinsic allergic alveolitis, is a complex syndrome caused by sensitisation to an
allergen. The mechanism of the Sho-saiko-to-interferon interaction seems to be due
to an allergic-immunological mechanism rather than direct toxicity (Ishizaki et al
1996) — contraindicated. Baical skullcap 70
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Cyclosporine A decoction of S. baicalensis has been reported to significantly

decrease plasma levels of cyclosporine in rats. The co-administration of these two

substances should be avoided until further research is available (Lai et al 2004).

Warfarin/anticoagulants Increased risk of bleeding is theoretically possible — use
@ with caution.

CONTRAINDICATIONS AND PRECAUTIONS

Baical skullcap and the formulation Sho-saiko-to (Minor Bupleurum Combination,
Xiao Chai Hu Tang) are contraindicated during interferon therapy. Baical is
contraindicated in cold conditions in TCM.

PREGNANCY USE

Baical is used in TCM for restless fetus (threatened abortion) and toxaemia of
pregnancy. A recent animal study found that baical skullcap combined with
Atractylodes macrocephala had an anti-abortive effect through inhibition of
maternal-fetal interface immunity. The herbs prevented lipopolysaccharide-induced
abortion by reducing natural killer cells and interleukin 2 activity (Zhong et al 2002).
Although this is encouraging, safety in pregnancy is still unknown.

PRACTICE POINTS/PATIENT COUNSELLING

e Baical skullcap is a traditional Chinese herb used to treat fever, cough with thick
yellow sputum, thirst and irritability, nausea, jaundice and diarrhoea.

e Baical skullcap extract, many of its constituents, and as part of herbal combination
treatments, has been studied in many different experimental models. However, few
clinical trials have been conducted using baical as a stand-alone treatment.

e Itis used to treat chronic inflammatory conditions such as asthma, arthritis and
allergy, because of its anti-inflammatory and anti-allergic effects.

e Itisused as a hepatoprotective agent in the treatment of hepatitis.

e Because of its antimicrobial and immunostimulant effects, baical is used to treat
infections such as the common cold and bronchitis.

e Anti-emetic effects suggest a role in nausea and vomiting.

e Hypotensive activity demonstrated in various animal models provides a basis for its
use in hypertension.

e In practice, it is combined with other herbal medicines for a more targeted
approach.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What can this herb do for me?

Baical skullcap may be useful as an adjunctive therapy during cancer treatment to

reduce nausea and immune suppression. Baical skullcap may also be beneficial in the
© 2007 Elsevier Australia
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treatment of vascular disorders, allergies, liver disease and infections, hypertension
and arthritis; however, effectiveness is largely unknown.

When will it start to work?

For acute allergic and infectious conditions, the beneficial effects of baical skullcap
should be noticeable within a few days. For chronic diseases, long-term use is
recommended.

Are there any safety issues?

Baical skullcap is a safe and non-toxic herb, which is used in both acute and chronic
conditions. It should only be used during pregnancy on the recommendation of a
healthcare practitioner. Baical and the formulation Sho-saiko-to (Minor Bupleurum
Combination known as Xiao Chai Hu Tang in Mandarin) are contraindicated during
interferon therapy.
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Beta-carotene

BACKGROUND AND RELEVANT PHARMACOKINETICS

CAROTENOIDS

The carotenoids are a family of bright yellow-, orange- and red-coloured compounds
found in fruit, vegetables and some animal products such as salmon, lobster and egg
yolk. Carotenoids can be divided into the provitamin A group, such as beta-carotene,
and xanthophylls such as lutein, zeaxanthin and lycopene, which are important fat-
soluble antioxidants. Of the 600 or so carotenoids known to exist in nature,
approximately 20 are found in humans. In plants, carotenoids play a vital role in
photosynthesis and participate in the energy-transfer process, as well as protecting
plants from oxidative damage. The red, orange and yellow colour of these
compounds is because they preferentially absorb blue light, which is the most
energetic and hence the most biologically damaging part of the visible spectrum.

In animals, carotenoids have many functions. In addition to providing direct
photoprotection via absorption of blue light, carotenoids act as powerful fat-soluble
antioxidants linked to oxidation prevention, as well as playing a role in cellular
communication, including stimulation of gap-junction communication, which is
important for cancer prevention by regulating cell growth, differentiation, apoptosis
and angiogenesis. Carotenoids may also be involved in detoxification of carcinogens,
DNA repair and immunosurveillance. These properties are believed to contribute to i .
their antioxidant, immune-enhancing, anticarcinogenic and photoprotective activity. L”"’“M’ et L ) B

Beta-carotene was the first of the carotenoids to be discovered, being initially
isolated from carrots. The bioavailability of beta-carotene is dependent on its source,
with the amount being absorbed from raw foods such as carrots, where it forms part
of a protein-polysaccharide matrix, being only about 20% of that absorbed from
supplemental forms. Although beta-carotene is lipid soluble its absorption requires
only a limited amount of fat (Roodenburg et al 2000); however, there is a wide
individual variation in serum response to beta-carotene administration (Bowen et al
1993, Pryor et al 2000).

Although it has been suggested that different carotenoids compete for absorp-
tion, this was not confirmed by a postprandial study (Tyssandier et al 2002). Beta-
carotene is absorbed in the intestine and released into the lymphatic circulation
within chylomicrons. It is then taken up by hepatocytes and released into the blood Beta-carotene 78
and transported predominantly within LDLs. It is distributed to adipose tissue and the
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skin and excreted in the faeces (Micromedex 2003). The time to reach peak
concentration is up to 4—6 weeks with oral dosing (Mathews-Roth 1990a).

Animal feeding studies suggest that a natural algae-derived beta-carotene isomer
mixture is more readily absorbed than synthetic all-trans beta-carotene and that this
higher bioavailability can be enhanced by increasing dietary lipid levels (Mokady &
Ben-Amotz 1991). Natural algal beta-carotene has also been shown to have higher
accumulation in rat liver than synthetic all-trans beta-carotene (Ben-Amotz et al
1989, Takenaka et al 1993) with at least a 10-fold higher accumulation having been
observed in chick and rat liver (Ben-Amotz et al 1989).

Animal studies suggest that there is some bioconversion within the body between
different stereoisomers of beta-carotene (Ben-Amotz et al 2005) and further studies
in humans suggest that, regardless of the isomer mix, there is preferential absorption
or transport of the all-trans isomer in comparison with the 9-cis isomer, with plasma
levels of the all-trans isomer being around 10-fold that of the 9-cis form (Gaziano et
al 1995a, Jensen 1987, Morinobu et al 1994, Stahl & Sies 1993, Tamai et al 1993).

It is suggested that Helicobacter pylori infection may impair the protective role of
alpha-tocopherol and beta-carotene in the stomach, because infected people have
been found to have reduced beta-carotene concentrations in gastric juice and the
presence of gastric atrophy and intestinal metaplasia is associated with reduced
mucosal alpha-tocopherol and beta-carotene concentrations (Zhang et al 2000).

CHEMICAL COMPONENTS

Beta-carotene comes in natural and synthetic forms, with the natural form being ‘ .
derived mainly from algal sources and consisting of roughly equal amount of 9-cis um&, Offpcinalis. &
and all-trans isomers, with small amounts of the 13-cis isomer. Synthetic beta- =
carotene is primarily composed of the all-trans isomer with small residues of the 13-
cisisomer (PDRHealth 2005). Although all-trans beta-carotene is converted into
vitamin A, which plays an essential role in vision, growth, reproduction, immune
function and maintenance of the skin and mucous membranes (see Vitamin A
monograph), the 9-cis isomer is not converted into vitamin A but does act as an
antioxidant (Ben-Amotz & Levy 1996).

FOOD SOURCES

Carrots are the major contributors of beta-carotene in the diet, but it is also found in

cantaloupe, broccoli and spinach. Carotenoids have emerged as the best single tissue

marker for a diet rich in fruits and vegetables, and measurements of plasma and

tissue carotenoids have an important role in defining the optimal diets for humans Beta-carotene 79
(Handelman 2001).
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Natural beta-carotene for use in supplements is generally obtained from palm oil
or the micromarine algae (phytoplankton) Dunaliella salina (also known as D.
bardawil), which is the richest natural source of beta-carotene. Whole dried D. salina
is also available in a supplemental form that contains between 1% and 2% beta-
carotene. The typical western diet is estimated to provide approximately 2—4 mg/day
of beta-carotene (Pryor et al 2000).

DEFICIENCY SIGNS AND SYMPTOMS
Beta-carotene is considered a conditionally essential nutrient and becomes an
essential nutrient when the dietary intake of retinol (vitamin A) is inadequate.

Low serum beta-carotene levels have been associated with male gender, younger
age, lower non-HDL-cholesterol, greater ethanol consumption and higher BMI (Brady
et al 1996), increased lipoprotein density and the presence of inflammation
(Kritchevsky 1999), high C-reactive protein (Erlinger et al 2001), high blood glucose
(Abahusain et al 1999), hypertension (Coudray et al 1997), exposure to environmen-
tal tobacco smoke (Farchi et al 2001), as well as all measures of obesity (Wallstrom et
al 2001), including obesity in children (Strauss 1999).

Low serum beta-carotene and/or low beta-carotene intake has also been
associated with a number of clinical conditions, such as type 2 diabetes and poor
glycaemic control (Abahusain et al 1999, Coudray et al 1997), non-melanoma and
melanoma skin cancer (Gollnick & Siebenwirth 2002), breast cancer (Hacisevki et al
2003), rheumatoid arthritis (Kacsur et al 2002), Alzheimers dementia (Jimenez-
Jimenez et al 1999) and age-related macular degeneration (Cooper et al 1999a). i :

Low serum beta-carotene has been independently associated with an increased um&, Offpcinalis. &
all-cause mortality risk in older men. Apparently, a synergistic effect occurs between —
low beta-carotene and high inflammation burden in predicting higher mortality rates
(Hu et al 2004). In another study of 668 hospitalised patients aged 70 years or more
and 104 healthy controls, the diseased elderly people had reduced plasma levels of
retinol, beta-carotene, and alpha-tocopherol (Tebi et al 2000). It is unclear whether
these observed low levels of beta-carotene seen in disease states are a cause or result
of disease processes.

MAIN ACTIONS

PRO-VITAMIN A

Beta-carotene is converted to retinoic acid (vitamin A: see Vitamin A monograph) by

an enzyme found in the intestinal mucosa and liver, with 2 ug of all-trans carotene

being equal to 1 ug of all-trans retinol (vitamin A) or 3.33 IU (PDRHealth 2005). This Beta-carotene 80
conversion is regulated by vitamin A status and may be enhanced by alpha-
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tocopherol (Wang & Krinsky 1998). Zinc may also be important for bioconversion, as
indicated by a double-blind, placebo-controlled trial of 170 pregnant women that
found that supplementation zinc improved the postpartum vitamin A status of both
mothers and infants (Dijkhuizen et al 2004).

IMMUNOMODULATION

The mechanisms by which beta-carotene influences immune function are not well
understood and both direct and indirect effects on immune function, via its pro-
vitamin A activity, have been demonstrated (Watson et al 1991). Beta-carotene
directly influences immune function by reducing oxidative damage to cell membranes
and their receptors, by influencing the activity of redox-sensitive transcription factors
and the production of cytokines and prostaglandins and enhancing cell-to-cell
communication (Hughes 2001).

These actions are influenced by several factors, such as dose and timing of
supplementation, age and health status of the individual. A double-blind, placebo-
controlled, randomised crossover study in 25 healthy, adult male non-smokers found
that 15 mg/day of beta-carotene enhanced cell-mediated immune responses, with
significant increases in the percentages of monocytes expressing the major
histocompatibility complex class Il molecule HLA-DR and adhesion molecules, as well
as increased ex vivo TNF-alpha secretion by blood monocytes (Hughes et al 1997).
Beta-carotene has also been shown to increase plasma levels of TNF-alpha in patients
given 30 mg/day for the treatment of oral leukoplakia (Prabhala et al 1993).

In controlled trials, supplementation with 30 mg beta-carotene was shown to
protect against UV-induced photosuppression of immune function in young men
(Fuller et al 1992), as well as in older men, with serum beta-carotene levels being
significantly associated with maintenance of the delayed-type hypersensitivity re-
sponse (Herraiz et al 1998). Another controlled trial found that 60 mg/day beta-
carotene for 44 weeks increased the CD4-CD8 ratio after 9 months without affecting
NK cells, virgin T cells, memory T cells or cytotoxic T cells in healthy male non-smokers,
and supplementation with 60 mg/day beta-carotene for 4 weeks was shown to
significantly increase lymphocyte counts and CD4™" in a pilot study of seven patients
with AIDS (Murata et al 1994).

Natural killer cell activity was also found to increase in older adults in a dose-
finding study in which 30 mg/day beta-carotene for 2 months significantly increased
in a dose-dependent manner the percentage of lymphoid cells with surface markers
for T-helper and NK cells, and cells with IL-2 and transferrin receptors (Watson et al
1991). In a further study of 59 men participating in the Physicians Health Study,
10-12 years of supplementation with 50 mg beta-carotene on alternate days was
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found to increase NK cell activity without increasing the percentage of NK cells, IL-2
production or receptor expression in elderly but not middle-aged men (Santos et al
1996).

Although beta-carotene supplementation has been shown to enhance NK cell
responses, there are a number of RCTs that suggest that it does not influence other
aspects of immune activity in healthy individuals. In separate RCTs, supplementation
with 90 mg beta-carotene for 3 weeks or 50 mg on alternate days for more than
10 years was not found to influence T-cell-mediated immunity of healthy elderly
people (Santos et al 1997) and supplementation with 30 mg beta-carotene was not
found to affect the T-lymphocyte proliferative response to phytohaemagglutinin in
healthy lactating and non-lactating women (Gossage et al 2000). A further study
found that supplementation with 8.2 mg/day of beta-carotene for 12 weeks did not
influence several markers of T-cell-mediated immunity in well-nourished, healthy
elderly individuals (Corridan et al 2001).

ANTIOXIDANT

Beta-carotene has consistently demonstrated antioxidant activity in vitro, although
the mechanism of action is poorly understood. At low partial pressures of oxygen,
such as those found in most tissues under physiological conditions, it exhibits good
radical-trapping antioxidant behaviour, whereas this capacity is lost at high oxygen
pressures in vitro with autocatalytic, pro-oxidant effects observed (Burton & Ingold
1984).

Beta-carotene has been shown to quench singlet oxygen, scavenge peroxyl
radicals and inhibit lipid peroxidation in vitro; however, there is ongoing debate as to
beta-carotene’s ability to act as an antioxidant in vivo, with some evidence suggesting
this varies from system to system for reasons that are poorly understood (Pryor et al
2000).

Beta-carotene acts synergistically with other antioxidants, such as vitamins E and
C, or other dietary components as part of the antioxidant network (see Vitamin E
monograph). A combination of beta-carotene and alpha-tocopherol has been shown
to inhibit lipid peroxidation significantly more than the sum of the individual
inhibitions in a membrane model (Palozza & Krinsky 1992) and a synergistic effect has
also been demonstrated in vitro and in vivo with vitamins E and C (Bohm et al 1997,
1998).

In vivo studies A number of studies have demonstrated that beta-carotene has

antioxidant activity in vivo. Supplementation with 180 mg of beta-carotene for

2 weeks was found to increase the beta-carotene content of LDL and significantly

reduce plasma lipid peroxidation and LDL susceptibility to oxidation, as analysed by
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malondialdehyde generation (Levy et al 1996). Similarly, lipid peroxidation as
measured by breath pentane output was found to be significantly reduced in healthy
subjects by 4 weeks of daily supplementation with 120 mg of beta-carotene (Gottlieb
etal 1993). In a case-controlled trial involving 20 patients with long-standing type 1
diabetes mellitus, as well as age- and sex-matched controls, supplementation with
60 mg/day of natural algae-derived beta-carotene for 3 weeks was found to
significantly reduce malondialdehyde and lipid peroxide production and the increased
susceptibility towards LDL oxidation seen in the diabetic subjects (Levy et al 2000).
Beta-carotene supplementation was also found to significantly reduce serum lipid
peroxidation in a dose-dependent manner in a number of double-blind, placebo-
controlled trials (Greul et al 2002, Lee et al 2000).

These results contrast with those from a number of studies that failed to
demonstrate any in vivo antioxidant activity. A study of 79 healthy volunteers found
that normal concentrations of carotenoids in plasma and tissues did not correlate
with total antioxidant capacity of the plasma or breath pentane measurements (Borel
et al 1998). In other studies supplementation was seen to increase LDL beta-carotene
without changing LDL susceptibility to oxidation (Princen et al 1992, Reaven et al
1993).

It is possible that beta-carotene is more likely to demonstrate antioxidant activity
in conditions of increased oxidative stress. This is suggested by the results of a
randomised, double-blind controlled trial involving 42 non-smokers and 28 smokers
who received either 20 mg of beta-carotene or placebo and showed that beta-
carotene reduced lipid peroxidation as indicated by breath pentane output in smokers | b N
but not in non-smokers (Allard et al 1994). It is further supported by a study of gl it ] =
whole-body irradiation in rats that found that supplementation with natural algae-
derived beta-carotene protected against the reduction in growth rate and the
selective decline in 9-cis beta-carotene and retinol seen in irradiated animals, as well
as partially reversing the effect of irradiation when given after the irradiation (Ben-

Amotz et al 1996). Algae-derived beta-carotene was also found to protect against

CNS oxygen toxicity in rats, as indicated by a significant increase in the latent period

preceding oxygen seizures in supplemented animals (Bitterman et al 1994).

Isomer differences Individual isomers and isomer mixtures demonstrate different

antioxidant properties in vivo. The 9-cis isomer, which is present in greater amounts in

natural beta-carotene, exhibits higher antioxidant potency than the all-trans isomer in

vitro (Levin & Mokady 1994). Natural beta-carotene, such as that obtained from algal

sources, also exhibits greater antioxidant activity than synthetic beta-carotene in vivo Beta-carotene 83
(Takenaka et al 1993).
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In humans, supplementation with natural algal beta-carotene containing a 50:50
mix of all-trans and 9-cis isomers has been shown to be a more effective lipophilic
antioxidant than all-trans beta-carotene (Ben-Amotz & Levy 1996). Human sup-
plementation with natural algal and synthetic beta-carotene has also been shown to
produce similar reductions in LDL oxidation, despite the synthetic beta-carotene
producing double the rise in LDL beta-carotene content (Levy et al 1995).

These studies are contrasted by in vitro studies that suggest that 9-cis beta-
carotene and all-trans beta-carotene have equal antioxidant activities (Liu et al 2000)
and that synthetic beta-carotene is twice as effective as algal beta-carotene in
inhibiting LDL lipid peroxidation following LDL incubation with copper ions (Lavy et al
1993).

PHOTOPROTECTION

Beta-carotene, together with other carotenoids, is present in all photosynthetic
organisms where it serves an important photoprotective role either by dissipating
excess excitation energy as heat or by scavenging reactive oxygen species and
suppressing lipid peroxidation (Penuelas & Munne-Bosch 2005). Studies in bacteria,
animals and humans have demonstrated that carotenoids can prevent or lessen
photosensitivity by endogenous and exogenous photosensitisers (Mathews-Roth
1993) and high doses of beta-carotene (180 mg/day, up to 300 mg/day) have been
used to treat the photosensitivity associated with erythropoietic protoporphyria
(Mathews-Roth 1987). There is also consistent evidence from animal and human
studies that beta-carotene has photoprotective effects. ‘ .

Beta-carotene is present at the target sites of light-induced damage, being present um&, Offpcinalis. &
in the dermis, epidermis and stratum corneum with levels varying between skin areas —
with higher concentration in the forehead and palms (Alaluf et al 2002). Skin levels
are related to the levels found in the plasma (Sies & Stahl 2004) and beta-carotene
and other endogenous antioxidants are reduced in both skin and blood by UV
exposure (Gollnick et al 1996).

Although it is presumed that beta-carotene exerts a light-protective function by
quenching excited species such as singlet oxygen and free radicals (Mathews-Roth
1987), there are a number of other ways that beta-carotene may contribute to
photoprotection (i.e. absorption of UV light). These include the protection of target
molecules through its antioxidant activity, enhancement of the repair of UV damage,
modulation of enzyme activity and gene expression, enhancement of cell-to-cell
communication and suppression of cellular responses and inflammation (Sies & Stahl
2004). It is also suggested that the effect of UVA protection provided by beta-
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carotene is due to the siting of beta-carotene deep inside membranes in proximity to
the UVA chromophores that initiate the cell damage (Bohm et al 1998b).

As a strong natural pigment, beta-carotene produces a yellow-orange colouration
in the skin that adds to the red colouration from haemoglobin and the brown
colouration from melanin to create the normal human skin colour (Alaluf et al 2002).
Beta-carotene acts as a blue light filter by absorbing light in the range of 360-550
nanometers (Pathak 1982) with the cisisomers having been found to exhibit an
additional absorption maximum in the UV range (Sies & Stahl 2004), thus suggesting
a possible advantage for natural beta-carotene over synthetic all-trans beta-carotene
in providing photoprotection.

As with titanium dioxide, the beta-carotene in the skin takes the form of finely
dispersed particles that can increase the natural pigment action. This was observed in
a human trial involving 20 subjects that found that supplementation with 50 mg of
natural algal beta-carotene for 6 weeks increased the reflection capacity of the skin
2.3-fold, irrespective of the wavelength (Heinrich et al 1998). A study on whole albino
hairless mouse skin and epidermis, however, suggests that although beta-carotene
did impart a visible change in skin colour its absorbance was insufficient to impart
significant photoprotection, which indicates that its photoprotective action is
mediated through processes other than blue light absorption (Sayre & Black 1992).

In a controlled study injection of phytoene, the colourless triene precursor of beta-
carotene was found to significantly reduce radiation-induced erythema in guinea pigs
(Mathews-Roth & Pathak 1975); however, a further study on albino hairless mice
found that 10 g/kg feed of beta-carotene and 200 mg/kg feed of 13-cis retinoic acid . a N
for 12 weeks did not prevent UVB-induced dermal damage (Kligman & Mathews- gl it ] =
Roth 1990).

An in vitro study on human keratinocytes suggests that beta-carotene dose-
dependently suppressed UVA-induction of matrix metalloproteases through
quenching of singlet oxygen and that this action was not enhanced by vitamin E
(Wertz et al 2004). Further studies suggest that beta-carotene also interferes with
UVA-induced gene expression by multiple pathways, including inhibition of UVA-
induced extracellular matrix degradation, enhanced UVA induction of tanning-
associated protease-activated receptor-2, promotion of keratinocyte differentiation
and synergistic induction of cell cycle arrest and apoptosis (Wertz et al 2005).

Beta-carotene has also been observed to have synergistic effects with other
antioxidants in protecting cultured human fibroblasts from UVA, although only
additive effects were observed for UVB (Bohm et al 1998b). The interaction between Beta-carotene 85
different antioxidants and/or other as yet unidentified phytochemicals has been used
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to explain the finding that UV carcinogenesis was enhanced with a beta-carotene-
supplemented semi-defined diet in mice (Black 2004, Black & Gerguis 2003, Black et
al 2000).

ENHANCE INTERCELLULAR COMMUNICATION

In addition to its antioxidant activity, beta-carotene enhances gap junction intercellu-

lar communication by upregulation of the gap junction protein connexin 43. This

action may be important in its control of tumour growth (Yeh & Hu 2003) and is likely

to be independent of its ability to quench singlet molecular oxygen (Stahl et al 1997).
Animal studies have indicated that a beta-carotene dose of 50 mg/kg/day for

5 days inhibits, whereas a lower dose (5 mg/kg/day) increases, gap junction intercellu-

lar communication in rat liver. Further in vitro studies suggest that the observed

inhibition is due, at least in part, to oxidised beta-carotene (Yeh & Hu 2003).

ANTICARCINOGENIC ACTIVITY
Observational epidemiological studies have consistently shown a relationship be-
tween dietary beta-carotene intake and low risk of various cancers (Cooper et al
1999b, Pryor et al 2000). In animal studies beta-carotene has been found to be
chemoprotective, with inhibition of spontaneous mammary tumours (Fujii et al 1993,
Nagasawa et al 1991), as well as prevention of skin carcinoma formation
(Ponnamperuma et al 2000), UV-induced carcinogenesis in mice (Epstein 1977,
Mathews-Roth 1982) and oral cancer in laboratory and animal models (Garewal
1995). Studies in ferrets suggest that the beta-carotene molecule becomes unstable
in smoke-exposed lungs and that when given with alpha-tocopherol and ascorbic :
acid to stabilise the beta-carotene molecule, there is a protective effect against u’“’“é" Gficenalis. £
smoke-induced lung squamous metaplasia (Russell 2002).

A review of carotenoid research by the International Agency for Research on
Cancer suggests there is sufficient evidence that beta-carotene has cancer-preventive
activity in experimental animals, based on models of skin carcinogenesis in mice and
buccal pouch carcinogenesis in hamsters (Vainio & Rautalahti 1998), despite a review
suggesting that beta-carotene does not protect against lung cancer in animals (De
Luca & Ross 1996).

Whether beta-carotene has anticancer properties in humans is unclear. It has been
suggested any such effects could be mediated through multiple mechanisms that
may include antioxidant activity preventing oxidative damage to DNA and inhibition
of lipid peroxidation, stimulation of gap junction communication, effects on cell
transformation and differentiation, inhibition of cell proliferation and oncogene Beta-carotene 86
expression, effects on immune function and inhibition of endogenous formation of
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carcinogens (Cooper et al 1999). Additional mechanisms may include the metabolic
conversion of beta-carotene to retinoids, which may in turn modulate the gene
expression of factors linked to differentiation and cell proliferation. The modulation of
enzymes that metabolise xenobiotics and inhibition of endogenous cholesterol
synthesis by modulation of HMG-CoA reductase expression may also lead to a
possible inhibition of cell proliferation and malignant transformation (PDRHealth
2005).

None of these mechanisms has been conclusively found to contribute to
preventing cancer in vivo and there is ongoing debate as to the role of beta-carotene
in cancer prevention (Cooper et al 1999, Patrick 2000). This debate has been further
fuelled by the findings of two large intervention studies, the Alpha-Tocopherol Beta-
Carotene (ATBC) Cancer Prevention Study (the ‘Finnish study’; Heinonen et al 1994)
and the Carotene and Retinol Efficacy Trial (CARET; Omenn et al 1996a), which found
a significantly increased risk of lung cancer in high-risk individuals supplemented with
synthetic beta-carotene (see Clinical Use for more details).

The mixed findings from beta-carotene intervention trials has produced much
controversy in the scientific literature and although it has been suggested that there is
no known biologically plausible explanation for the finding, a number of hypotheses
have been put forward (Bendich 2004).

It has been suggested that the dose, duration of study and/or choice of synthetic
all-trans- beta-carotene may have been inappropriate to use in the intervention trials
(Cooper et al 1999) and that supplementation with monotherapy using synthetic
beta-carotene may have inhibited the absorption of other carotenoids (Woodall et al . b ‘
1996). It is also suggested that, although beta-carotene may be effective in the gl it
prevention of lung cancer before or during the phases of initiation and early
promotion of cancer, the intervention studies that involved heavy smokers and
asbestos workers probably included individuals in whom these processes were already
initiated (Bendich 2004).

Additional possible explanations for the observed increase in lung cancer risk with
beta-carotene supplementation include possible pro-oxidant activity of beta-carotene
or its oxidative metabolites in the high oxygen environment of smokers’ lungs, with
oxidised beta-carotene metabolites inducing carcinogen-bioactivating enzymes, facili-
tating the binding of metabolites to DNA, enhancing retinoic acid metabolism by
P450 enzyme induction and acting as pro-oxidants, causing damage to DNA (Russell
2002), as well as inhibition of retinoid signalling (Wang et al 1999). It is further
suggested that the beta-carotene molecule may become unstable due to a low level Beta-carotene 87
of antioxidants, such as ascorbic acid, being present in smokers compared with non-
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smokers (Bohm et al 1997), together with significant oxidative stress also being in
present in smokers who consume high amounts of alcohol (PDRHealth 2005).

It has further been suggested that beta-carotene may increase lung cancer risk in
smokers because of its ability to improve lung function. Thus smokers supplemented
with beta-carotene may have increased lung capacity, resulting in deeper breathing of
carcinogens and other oxidants. It is also suggested that beta-carotene may improve
smokers’ immune responses and thus reduce the number of days they suffered from
upper respiratory tract infections and enabling them to smoke more (Bendich 2004).

The suggestion that beta-carotene may have pro-oxidant effects is supported by
an in vitro study showing that although cell viability and DNA integrity was not
affected by beta-carotene, it was significantly and dose-dependently decreased by
oxidised beta-carotene (Yeh & Hu 2001). There was a dose-dependent increase of
beta-carotene cleavage products, together with increasing genotoxicity in vitro when
beta-carotene was supplemented during oxidative stress induced by
hypoxia/reoxygenation (Alija et al 2004, 2005). Carotenoid cleavage products have
also been found to impair mitochondrial function and increase oxidative stress in vitro
(Siems et al 2002, 2005), as well as produce a booster effect on phase | carcinogen-
bioactivating enzymes in the rat lung (Paolini et al 1999). Beta-carotene has also been
shown to be degraded by stimulated polymorphonuclear leukocytes in vitro,
producing highly reactive and potentially toxic cleavage products (Sommerburg et al
2003). These pro-oxidant effects have not been conclusively demonstrated in vivo and
beta-carotene at a dose of 50 mg/day for several years was not found to have pro-
oxidant effects in either smokers or non-smokers, as measured by urinary excretion of | a N
F2-isoprostanes (Mayne et al 2004). LMM" Jlanecss ) B

CARDIOVASCULAR PROTECTION
There are a number of ways in which beta-carotene may act to protect against
cardiovascular disease. Free radical scavenging may prevent cellular transformations
leading to atherosclerosis and protection of LDL oxidation may further act to protect
against atheroma formation (Halliwell 1993). Other mechanisms proposed for the
possible favourable effect of antioxidants include an increase of HDL cholesterol and
the preservation of endothelial functions (Tavani & La Vecchia 1999). Patients with
acute myocardial infarction (AMI) have also been shown to have reduced plasma
antioxidant vitamins and enhanced lipid peroxidation upon thrombolysis, suggesting
that antioxidants may reduce free radical generation processes in reperfusion injury in
AMI (Levy et al 1998).

In an animal study, atherosclerosis was inhibited in rabbits fed a high-cholesterol
diet supplemented with all-trans beta-carotene. In that study all-trans beta-carotene
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was undetectable in LDL, although tissue levels of retinyl palmitate were increased,
suggesting that any anti-atherogenic effect is separate from the resistance of LDL to
oxidation and that metabolites of beta-carotene may inhibit atherosclerosis in
hypercholesterolaemic rabbits, possibly via stereospecific interactions with retinoic
acid receptors in the artery wall (Shaish et al 1995). A randomised, placebo-controlled
trial in 149 male smokers taking 20 mg/day of beta-carotene for 14 weeks, however,
found no influence on haemostatic measures, suggesting that it is unlikely that
cardiovascular protection from beta-carotene is via an effect on haemostasis (Van
Poppel et al 1995).

OTHER ACTIONS

An animal study found that rats supplemented with beta-carotene-rich algae had
improved reproduction and body growth with a markedly lower still-birth rate, a
higher litter size or rearing rate, and enhanced body growth in male offspring
(Nagasawa et al 1989).

CLINICAL USE

VITAMIN A DEFICIENCY
In a series of large, double-blind, cluster randomised, placebo-controlled field trials
involving as many as 44,000 Nepalese women, weekly supplementation with 42 mg
of trans-beta-carotene was found to reduce the prevalence of selected illness
symptoms such as loose stools, night blindness and symptoms of high fever during
late pregnancy, at the time of birth and during 6 months postpartum (Christian et al
2000a). Beta-carotene was further found to reduce maternal, but not infant, . . ‘
mortality among smokers and non-smokers by approximately 50%, with a protective L~  sisi ] |
effect becoming evident after 18 months of supplementation (Christian et al 2004,
West et al 1999). Beta-carotene supplementation has also been found to reduce the
5-fold increased risk of infection-related mortality in women who were night-blind
because of vitamin A deficiency (Christian et al 2000b).

These studies are contrasted by one that found an association between self-
reports of poor night vision and beta-carotene consumption in women involved in
the Blue Mountain Eye Study in which the authors concluded that perceived poor
night vision caused an increase in carrot consumption in women (Smith et al 1999).

CANCER PREVENTION

There are at least 35 observational epidemiological studies, including prospective

cohort and case-controlled studies, involving smoking and non-smoking men and

women from diverse regions of the world, which have consistently found a positive

association between dietary or serum beta-carotene levels and reduced risk of cancer
© 2007 Elsevier Australia
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(Cooper et al 1999). This association, however, does not necessarily imply a causal
link, because it may be an association between beta-carotene ingestion and other
dietary or lifestyle factors (Peto et al 1981). Beta-carotene intake is linked to a variety
of healthy dietary and lifestyle factors, as well as being highly correlated with the
intake of many other protective dietary phytochemicals and nutrients (Cooper et al
1999).

The link between beta-carotene levels and cancer prevention in epidemiological
studies is contrasted with the findings of two large intervention trials that reported
increased lung cancer risk with synthetic beta-carotene supplementation (Heinonen et
al 1994, Omenn et al 1996b).

The Alpha-Tocopherol Beta-Carotene (ATBC) Cancer Prevention Study, also known
as the ‘Finnish study’, was the first large intervention trial to test the hypothesis that
beta-carotene reduces the risk of lung cancer. This double-blind, placebo-controlled
primary-prevention trial involved 29,133 male smokers, 50-69 years of age, who
were randomised to receive daily supplementation with alpha-tocopherol
(50 mg/day) alone, synthetic (all-trans) beta-carotene (20 mg/day) alone, or both.
After a follow-up period of 5-8 years the results suggested that there was an
unexpected 18% increase in the incidence of lung cancer with an associated 8%
higher mortality among those who received beta-carotene (Heinonen et al 1994).
Subgroup analysis revealed that the increased risk with beta-carotene supplemen-
tation was only greater for those who smoked at least 20 cigarettes per day, with the
risk of those who smoked 5-19 cigarettes/day being no greater than the placebo
group. An increased risk was also observed for those who consumed more than . ! ‘
11 g/day alcohol compared with those with a lower intake (Albanes et al 1996). gl it
Further analysis found no effect of beta-carotene supplementation on the risk of
pancreatic cancer (Rautalahti et al 1999), colorectal cancer (Albanes et al 2000),
urothelial or renal cell cancer (Virtamo et al 2000), or gastric cancer (Malila et al
2002).

The Carotene and Retinol Efficacy Trial (CARET) tested the effect of synthetic, all-
trans beta-carotene (30 mg) and retinyl palmitate (25,000 IU) on the incidence of
lung cancer, other cancers, and death in 18,314 participants who were at high risk
for lung cancer because of a history of heavy smoking or asbestos exposure. CARET
was stopped ahead of schedule in January 1996 because participants who were
randomly assigned to receive the active intervention were unexpectedly found to have
a 28% increase in incidence of lung cancer, a 17% increase in incidence of death and
a higher rate of cardiovascular disease mortality compared with participants in the Beta-carotene 90
placebo group (Omenn et al 1996a). Further analysis revealed results similar to the
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ATBC study, with the increased risk of lung cancer being greatest for heavy smokers
and those with the highest alcohol intake, while former smokers were found to have
a similar risk to those taking placebo (Omenn et al 1996a).

The finding of an increased risk of lung cancer in smokers taking beta-carotene in
the ATBC and CARET studies is consistent with a number of other studies. A
prospective cohort study of 59,910 French women found that self-reported
supplemental use of beta-carotene was directly associated with double the risk of
cancers among smokers, yet dietary beta-carotene intake was associated with less
than half the risk of tobacco-related cancers among non-smokers in a statistically
significant dose-dependent relationship (Touvier et al 2005). Similarly, the results of a
case-control study of 362 adenoma cases and 427 polyp-free controls suggest a
protective effect for colon cancer with beta-carotene in non-smokers and an adverse
effect in smokers (Senesse et al 2005). Alcohol intake and cigarette smoking were
also observed to modify the effect of beta-carotene supplementation on the risk of
colorectal adenoma recurrence in another double-blind, placebo-controlled clinical
trial involving 864 patients randomised to receive either beta-carotene (25 mg),
vitamin C (1000 mg) or vitamin E (400 mg), beta-carotene with vitamins C and E, or
placebo, which after 4 years found no evidence that supplementation reduced the
incidence of adenomas (Greenberg et al 1994). Subgroup analysis from this study,
however, found that beta-carotene supplementation was associated with a marked
decrease in the risk of one or more recurrent adenomas among subjects who neither
smoked cigarettes nor drank alcohol, but conferred a modest increase in the risk of
recurrence among those who either smoked or drank alcohol and double the risk for . ¥ 4
those who both smoked and drank (Baron et al 2003). LMM" Jlanecss

The results of these studies are contrasted with those from the Physicians’ Health
Study, which found no effect of beta-carotene supplementation on cancer risk in
smokers or non-smokers. This RCT of 50 mg of synthetic beta-carotene given on
alternate days involved 22,071 US male physicians, 11% of whom were smokers.

After more than 12 years of follow-up, no overall effect on cancer incidence was

evident with beta-carotene supplementation (Hennekens et al 1996) and no benefit

or harm was observed for lung, prostate or colon cancer (Cook et al 2000) or for

squamous cell carcinoma (Frieling et al 2000). Subgroup analysis of this study

population revealed that total cancer was modestly reduced with supplementation

among those aged more than 70 years, and total cancers and colon cancer was

reduced in those who drank alcohol daily (Cook et al 2000). Total cancers and

prostate cancer were also reduced in those in the highest BMI quartile (Cook et al Beta-carotene 91
2000) and those with low baseline beta-carotene levels (Cook et al 1999), while those
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with high baseline levels had a non-significant increased risk of prostate cancer with
beta-carotene supplementation (Cook et al 1999).

Similar to the results of the Physicians’ Health Study the results of the Women's
Health Study, which involved 39,876 women supplemented with 50 mg of beta-
carotene on alternate days for 2 years, found no benefit or harm from beta-carotene
supplementation on the incidence of cancer or cardiovascular disease in apparently
healthy women, with no benefit or harm also being observed for the 13% of women
who were smokers at baseline (Lee et al 1999).

In contrast to these results, a RCT performed on a poorly nourished population
found a lower cancer incidence with beta-carotene supplementation. This study
involved 29,584 adults aged between 40 and 69 years from Linxian County, China,
which has one of the world’s highest rates of oesophageal/gastric cardia cancer and a
persistently low intake of several micronutrients. In this study people were random-
ised to receive retinol and zinc, riboflavin and niacin, vitamin C and molybdenum, or
beta-carotene, vitamin E, and selenium at doses that ranged from 1- to 2-fold the US
RDI for a period of 6 years. Results revealed a significantly lower total mortality
among those receiving supplementation with beta-carotene, vitamin E, and selenium,
mainly attributable to lower cancer rates, especially stomach cancer (Blot et al 1993).
Possible reasons for the mixed results The mixed results from the beta-carotene
intervention studies have created significant debate. The results of a review of
carotenoid research by the International Agency for Research on Cancer suggest there
is a lack of cancer-preventive activity for beta-carotene when it is used as a
supplement at high doses (Vainio & Rautalahti 1998). This is supported by a more . ! ‘
recent study that examined the relationship between dietary beta-carotene and lung L~ Vit ] =
cancer using pooled data from seven cohort studies that involved 399,765
participants and 3155 lung cancer cases. This study found that dietary beta-carotene
intake was not associated with increased or decreased lung cancer risk in never, past,
or current smokers (Mannisto et al 2004).

The mixed results from beta-carotene intervention studies may also be a reflection
of a difference between natural and synthetic beta-carotene, as the negative
intervention studies have all used synthetic rather than natural beta-carotene. These
studies, however, do provide consistent evidence for a link between dietary and
serum beta-carotene levels and reduced cancer risk. Even in the studies that found an
adverse effect of beta-carotene supplementation, study participants with the highest
intake and serum concentrations of beta-carotene at baseline developed fewer
subsequent lung cancers, regardless of their intervention assignment (Albanes 1999, Beta-carotene 92
Holick et al 2002). therefore, although monotherapy with synthetic beta-carotene is
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no longer generally recommended, there continues to be a consistent call for an
increased consumption of beta-carotene-containing foods to assist in prevention of
cancer (Mayne 1996, Pryor et al 2000).

Oral leucoplakia Beta-carotene consumption has been found to be inversely
associated with precancerous lesions of the oral cavity in tobacco users (Gupta et al
1999) and it is suggested that there is a significant role for antioxidant nutrients in
preventing oral cancer (Garewal & Schantz 1995). This is supported by the findings of
multiple clinical trials in which beta-carotene and vitamin E have been shown to
produce regression of oral leucoplakia, a premalignant lesion for oral cancer (Garewal
1994).

In a more recent, double-blind, randomised controlled trial involving 160 people,
360 mg/week of beta-carotene for 12 months was found to induce regression in oral
precancerous lesions with half of the responders relapsing after ceasing supplemen-
tation. Similarly, another multicentre, double-blind, placebo-controlled trial found
improvement in dysplasia with 60 mg/day of beta-carotene for 6 months (Garewal et
al 1999).

These studies are contrasted with a subgroup analysis involving 409 white male
cigarette smokers from the ATBC Study that suggested that beta-carotene sup-
plementation does not play an essential role in preventing oral mucosal changes in
smokers (Liede et al 1998).

CARDIOVASCULAR DISEASE

Epidemiological studies support the idea that a diet rich in high carotenoid ‘ .
containing foods is associated with a reduced risk of heart disease (Kritchevsky 1999). um&, Offpcinalis. &
A review of observational and intervention studies on beta-carotene and the risk of =
coronary heart disease found that seven cohort studies (Gaziano et al 1995b, Gey et
al 1993, Knekt et al 1994, Manson et al 1991, Morris et al 1994, Rimm et al 1993,
Street et al 1994) reported relative risks between 0.27 and 0.78 for high serum beta-
carotene levels or high dietary intake and that this was supported by case-control
studies (Bobak et al 1998, Bolton-Smith et al 1992, Kardinaal et al 1993, Torun et al
1994, Tavani et al 1997) that reported odds ratios between 0.37 and 0.71, with a
possible stronger protection for current smokers (Tavani & La Vecchia 1999). These
results contrast with those of four more recent cohort studies (Knekt et al 1994, Kushi
et al 1996, Pandey et al 1995, Todd et al 1995) and five large RCTs (Buring et al 1996,
Hennekens et al 19964, Lee et al 1999, Redlich et al 1999, Vlot et al 1995) that have
not reported any significant prevention of cardiovascular disease with beta-carotene
supplementation.

Beta-carotene 93
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The final results of the Physicians’ Health Study (see Cancer Prevention above)
indicated that beta-carotene supplementation had no significant benefit or harm on
cancer or cardiovascular disease during more than 12 years of treatment (Hennekens
et al 1996). Similarly, the results of the Women's Health Study, which involved
39,876 women aged 45 years or older, found that beta-carotene supplementation of
50 mg on alternate days did not influence cardiovascular disease after 2 years of
supplementation and 2 years of further follow-up. Subgroup analysis revealed an
apparent benefit of beta-carotene supplementation on subsequent vascular events
among 333 men with prior angina or revascularisation (Christen et al 2000).

In contrast, analysis of the data from the ATBC cancer prevention study, which
involved 23,144 male smokers, found that beta-carotene supplementation slightly
increased the risk of angina (Rapola et al 1996) and intracerebral haemorrhage while
having no overall effect on the risk of stroke (Leppala et al 2000a,b), abdominal aortic
aneurysm (Tornwall et al 2001), or symptoms and progression of intermittent
claudication (Tornwall et al 1999). Beta-carotene, however, was found to decrease
the risk of cerebral infarction modestly among a subgroup with greater alcohol
consumption (Leppala et al 2000a,b). In a 6-year post-intervention follow-up study,
beta-carotene was found to increase the risk of first-ever myocardial infarction while
continuing to have no overall effect on the incidence of stroke (Tornwall et al 2004).
An analysis of 52 men from the CARET Study concluded that there was no significant
effect on total, HDL- or LDL-cholesterol levels that could account for the observed
increase risk of cardiovascular disease observed in this study (Redlich et al 1999).

A pooled analysis of four randomised trials of beta-carotene therapy ranging from | b ‘
20 mg to 50 mg involving 90,054 patients found beta-carotene supplementation to L “"““ Vit
be associated with a significant increase in all-cause mortality and cardiovascular
death in patients at risk for coronary disease, with the increased risk being strongest
in smokers. A further meta-analysis of eight randomised trials involving 138,113
patients found that supplementation with 15-50 mg of beta-carotene was associated
with a small but significant increase in all-cause mortality and a slight increase in
cardiovascular death (Vivekananthan et al 2003).

The apparent discrepancy between the findings of observational and intervention
studies may be due to several factors, including the length and nature of the
intervention (Tavani & La Vecchia 1999). For example the intervention trials involved
supplementation with synthetic beta-carotene in isolation or with other single
nutrients, whereas the observational studies involved the consumption of beta-
carotene-rich foods containing a range of additional antioxidant vitamins, Beta-carotene 94
phytonutrients and micronutrients.
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PHOTOPROTECTION

Excessive exposure to solar radiation, especially UVA (320-400 nm) and UVB
(290-320 nm), may induce UV-carcinogenesis and erythema in the skin (Lee et al
2000). There have been a number of controlled clinical trials that have demonstrated
that supplementation with beta-carotene alone, or in combination with other
antioxidants, can reduce UV-induced erythema (Gollnick et al 1996, Heinrich et al
1998, 2003, Lee et al 2000, Mathews-Roth et al 1972, Sies & Stahl 2004, Stahl et al
2000). These studies suggest that at least 8-10 weeks of supplementation are
required before protection against erythema becomes evident and that doses of at
least 24 mg/day of beta-carotene are required (Sies & Stahl 2004).

In uncontrolled studies, a protective effect against UV-induced erythema was
observed after supplementation with 180 mg of beta-carotene for 10 weeks
(Mathews-Roth et al 1972) and 50 mg for 6 weeks (Heinrich et al 1998). These results
are supported by more rigorous studies that have shown photoprotective activity with
smaller doses of beta-carotene. A RCT involving supplementation with 30 mg of
natural beta-carotene for 8 weeks, with the dose increasing to 60 mg for a further
8 weeks and then to 90 mg for another 8 weeks, found a dose-dependent reduction
in UVA- and UVB-induced erythema (Lee et al 2000). In another RCT, supplemen-
tation for 12 weeks with 24 mg/day of natural beta-carotene or a natural carotenoid
mix supplying similar amounts of beta-carotene, lutein and lycopene also significantly
reduced UV-induced erythema (Heinrich et al 2003). Similarly, a randomised trial
found that supplementation with 25 mg of natural algal beta-carotene for 12 weeks
significantly reduced UV-induced erythema, with the effect enhanced by the addition i h ;
of alpha-tocopherol (Stahl et al 2000). Yet another trial suggests that the L’“‘M" e
photoprotective action of beta-carotene enhances the action of topical sunscreens. In
this randomised, placebo-controlled, double-blind study of 20 healthy young
females, 30 mg/day beta-carotene for 10 weeks reduced UV induced erythema and
protected against UV-induced drop in serum beta-carotene levels and UV-induced
reduction in Langerhans cells, with beta-carotene combined with topical sunscreens
being more effective than sunscreen cream alone (Gollnick et al 1996). Another
controlled study found a protective effect against photo-immunosuppression, with
30 mg/day of beta-carotene for 4 weeks protecting against UV-induced suppression
of delayed-type hypersensitivity in young men (Fuller et al 1992).

It has been suggested that the duration of supplementation may be more
important than the dose, as the studies that have not demonstrated significant
reduction in UV-induced erythema have all involved supplementation of relatively Beta-carotene 95
short duration (Lee et al 2000). No photoprotective effects of beta-carotene were
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observed with supplementation with 90 mg for 3 weeks (Garmyn et al 1995),
150 mg/day for 4 weeks (Wolf et al 1988) or 15 mg/day for 8 weeks (McArdle et al
2004).

It has also been suggested that a combination of antioxidants may be more
effective than the sum of the separate components because the skin’s antioxidant
defence system appears to involve an intricate connection between individual
antioxidants (Steenvoorden & Beijersbergen van Henegouwen 1997). This is sup-
ported by a randomised, double-blind, placebo-controlled study that found that
short-term (2-week) supplementation with an anti-oxidative combination containing
beta-carotene and lycopene, as well as vitamins C and E, selenium and
proanthocyanidins, significantly decreases the UV-induced expression of matrix
metallo-proteinases, with a non-statistically significant trend towards reduced
minimal erythema dose (Greul et al 2002).

Although beta-carotene supplementation may provide some degree of protection
against sunburn, the effect is modest and there is still some debate about its use for
routine photoprotection (Biesalski & Obermueller-Jevic 2001, Fuchs 1998). However,
beta-carotene is likely to be clinically useful in providing photoprotection for people
with specific photosensitivity. High doses (180 mg/day, up to 300 mg/day) have been
shown to reduce photosensitivity in people with the genetic condition ‘erythropoietic
protoporphyria’ in a number of case series (Mathews-Roth et al 1970, 1974,
Thomsen et al 1979), and the results of a double-blind RCT suggest that beta-
carotene may be useful in conjunction with canthaxanthin in preventing polymor-
phous light eruptions (Suhonen & Plosila 1981). . & ‘

The ability of beta-carotene to protect against UV-induced erythema and gl it
photosensitivity does not appear to extend to protecting against non-melanotic skin
cancer. In a randomised placebo-controlled trial involving 1805 subjects with recent
non-melanotic skin cancer, daily supplementation with 50 mg beta-carotene for
5 years had no effect on the incidence of new or recurring non-melanotic skin
cancers, with similar results for those with low baseline beta-carotene levels and
smokers (Greenberg et al 1990). Similarly, in another randomised, placebo-controlled
trial of 1621 adults aged 25-74 years daily supplementation with 30 mg beta-
carotene did not reduce the development of solar keratoses over the 3-year study
period (Darlington et al 2003, Green et al 1999). These results are supported by an
analysis of data from the Physicians’ Health Study that found no effect of 12 years of
beta-carotene supplementation on the incidence of non-melanotic skin cancer
(Frieling et al 2000), as well as a subgroup analysis from this study that found no Beta-carotene 96
effect on non-melanotic skin cancer in men with low baseline plasma beta-carotene
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levels (Schaumberg et al 2004). In a further randomised, placebo-controlled study of
62 patients with numerous atypical naevi, 25 mg of beta-carotene given twice daily
for 36 months resulted in a non-significant reduction in newly developed naevi, with
a significant reduction observed for the lower arm and feet but not for 10 other body
sites (Bayerl et al 2003).

OXIDATIVE STRESS

There are a number of human studies that suggest that supplementation with beta-
carotene can reduce the oxidative stress associated with different pathological
conditions or stressors such as intense exercise or radiation. Supplementation with
beta-carotene (30 mg/day) and vitamin E (500 mg/day) for 90 days has been found to
enhance the antioxidant enzyme activity of superoxide dismutase and catalase in the
neutrophils of sportsmen (Tauler et al 2002). Similarly, in a study of 13 professional
basketball players, 35 days of antioxidant supplementation with 600 mg alpha-
tocopherol, 1000 mg ascorbic acid and 32 mg beta-carotene led to a significant
decrease in plasma lipid peroxides, with a significant decrease of lactate dehydrogen-
ase serum activity and a non-significant increase in the anabolic/catabolic balance
being observed during a 24-hour recuperation time after exercise (Schroder et al
2001).

The results of an Israeli study of 709 children exposed to radiation from the
Chernobyl accident suggest that natural algae-derived beta-carotene may act as an in
vivo lipophilic antioxidant or radioprotector. This study found that exposed children
had increased susceptibility to lipid oxidation and that supplementation with 40 mg

of natural 9-cis and all-trans equal isomer mixture beta-carotene twice daily for a Colenduda Offfccnales. &

. .. . Y |
period of 3 months reduced plasma markers of lipid oxidation (Ben-Amotz et al
1998).

A double-blind study has also found that beta-carotene supplementation reduced
the severity, but not the incidence, of post-endoscopy pancreatitis which is thought
to be mediated by oxidative stress (Lavy et al 2004). A further small, controlled trial
involving 15 patients with RA found that 3 weeks of supplementation with natural
beta-carotene resulted in a significant increase in plasma antioxidants, but did not
change indicators of disease (Kacsur et al 2002).

Further evidence for beta-carotene’s ability to reduce oxidative stress comes from
a study of conditioning therapy preceding bone marrow transplantation. This therapy
consists of high-dose chemotherapy and total body irradiation and has acute and
delayed toxic effects that are considered to be due to peroxidation processes and
exhaustion of antioxidants. Supplementation with 45 mg beta-carotene, 825 mg
alpha-tocopherol and 450 mg ascorbic acid daily for 3 weeks, however, was found to
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increase serum antioxidant levels and reduce the post-conditioning rise in plasma lipid
hydroperoxides in patients receiving the conditioning therapy prior to transplantation
(Clemens et al 1997). Similarly, a combined antioxidant supplement increased plasma
antioxidant levels and antioxidative enzyme activities, and lowered LDL lipid peroxides
in male hyperlipidaemic smokers, although higher doses of the supplement did not
have an additive effect (Chao et al 2002).

These studies are contrasted by two small studies that showed no change in
oxidative stress in healthy subjects after beta-carotene supplementation. Normal
concentrations of carotenoids in plasma and tissues were not correlated with clinical
markers of antioxidant and oxidative stress in a study of 79 healthy volunteers (Borel
et al 1998), and a placebo-controlled, single-blind study found that daily supplemen-
tation with 15 mg of beta-carotene for 3 months did not significantly improve
biomarkers of oxidative stress in healthy males (Hininger et al 2001).

IMMUNE FUNCTION

In a study of 652 non-institutionalised elderly people, the incidence of acute
respiratory infections was reduced for those with the highest plasma levels,
suggesting that beta-carotene may improve the immune response and result in
decreased risk of infectious diseases (van der Horst-Graat et al 2004).

These findings are contrasted by analyses of male smokers who participated in the
ATBC study, which found that supplementation with synthetic beta-carotene had no
overall effect on the risk of hospital-treated pneumonia or the incidence of the
common cold (Hemila et al 2002, 2004), but instead increased the risk of colds in i !
subjects carrying out heavy exercise at leisure but not at work (Hemila et al 2003). um&, Offpcinalis. &

ASTHMA AND CHRONIC OBSTRUCTIVE PULMONARY DISEASE
Studies have shown increased oxidative stress in patients with chronic airflow
limitation (Ochs-Balcom et al 2005) and accumulating evidence suggests that dietary
antioxidant vitamins are positively associated with lung function (Schunemann et al
2001), with serum beta-carotene levels being associated with improved FEV,
(Grievink et al 2000). Thus it has been suggested that antioxidant protection is
important for protecting the lungs against high oxygen levels and that oxidative stress
may contribute to respiratory pathology such as asthma (Rahman et al 2006, Wood
et al 2003).

This is supported by the finding of a significant association between serum vitamin
C, vitamin E, beta-cryptoxanthin, lutein/zeaxanthin, beta-carotene, and retinol with
FEV; (Schunemann et al 2001), together with a study involving a subset from the Beta-carotene 98
CARET study of 816 asbestos-exposed men with a high rate of current and former
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cigarette smoking, which found that serum beta-carotene was associated with a
significant improvement in FEV, and FVC (Chuwers et al 1997).

Studies on the correlation between serum beta-carotene levels and asthma,
however, have produced mixed results. One small study of 15 asthmatic subjects and
16 healthy controls found that despite similar dietary intake, whole blood levels of
total carotenoids, including beta-carotene, lycopene, lutein, beta-cryptoxanthin and
alpha-carotene, were significantly lower in the asthmatics with no differences in
plasma or sputum carotenoid levels (Wood et al 2005). Another small study found
that beta-carotene, alpha-tocopherol and ascorbic acid were significantly lower in
asthmatics at remission compared to controls and that beta-carotene was signifi-
cantly lower and lipid peroxidation products significantly higher during attacks than
periods of remission (Kalayci et al 2000). A further small study found that increased
dietary consumption of beta-carotene was associated with better QOL (Moreira et al
2004).

These results are supported by an analysis of 7505 youths (4—16 years) from the
Third National Health and Nutrition Examination Survey, which found that increased
serum beta-carotene was associated with reduced asthma prevalence (Rubin et al
2004). Another analysis involving 4093 children from the same study, 9.7% of whom
reported a diagnosis of asthma, found that asthma diagnosis was associated with
lower levels of serum beta-carotene, vitamin C, alpha-carotene and beta-
cryptoxanthin (Harik-Khan et al 2004).

In contrast to these findings, a much larger study involving 771 persons with self-
reported asthma, 352 persons with former asthma and 15,418 persons without
asthma, asthma status was not significantly associated with serum antioxidant
concentrations (Ford et al 2004). Similarly, in a study of 15 mild asthmatics and 15
age-and sex-matched controls, oxidative stress was found to be increased in the
asthmatics, with no difference in plasma dietary antioxidant vitamins (Wood et al
2000).

Although the role of antioxidant vitamins in prevention and/or treatment of
asthma remains to be determined (Kalayci et al 2000), the results of one intervention
study suggest that there may be a role for beta-carotene in exercise-induced asthma.
This randomised, double-blind, placebo-controlled trial, involving 38 subjects with
proven exercise-induced asthma, found that supplementation with 64 mg/day of
natural algal beta-carotene for 1 week protected against post-exercise reduction in
FEV; (Neuman et al 1999).
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CYSTIC FIBROSIS

Cystic fibrosis (CF) is characterised by exocrine pancreatic insufficiency and reduced
absorption of fat-soluble vitamins, as well as chronic lung inflammation and an
associated increased oxygen free radical generation. Patients with CF have been
found to have lower levels of beta-carotene and it has been suggested that they
would benefit from beta-carotene supplementation (Cobanoglu et al 2002,
Walkowiak et al 2004). This suggestion is supported by a study of 52 patients with CF
that found a statistically significant correlation between serum beta-carotene and the
clinical course of the disease as indicated by faecal elastase-1 and FEV, (Walkowiak et
al 2004), together with a study showing that the plasma levels of beta-carotene and
vitamin E increased and the plasma levels of TNF-alpha and malondialdehyde
decreased after 6 months of beta-carotene supplementation (Cobanoglu et al 2002).
This is further supported by a RCT of 24 CF patients supplemented with up to

50 mg/day beta-carotene for 12 weeks and 10 mg/day beta-carotene for a further

12 weeks, which found a significant decrease in oxidative stress, correction of total
antioxidative capacity and improved pulmonary response to treatment in the
supplemented group (Rust et al 2000).

CATARACTS
Although a high intake of beta-carotene containing foods has been associated with
the prevention of cataracts, the role of supplementation is uncertain. An assessment
of dietary beta-carotene intake in a subgroup of 472 non-diabetic women, aged
53-73 years, who participated in the Nurses’ Health Study found that the odds of
posterior subcapsular cataracts was 72% lower in those with the highest intakes of
beta-carotene who had never smoked, whereas beta-carotene intake and cataract risk
were not associated in current or past smokers (Taylor et al 2002). This finding is
contrasted with findings from intervention studies that have found that beta-
carotene may help prevent cataracts in smokers (Christen et al 2003, 2004). Two
years of beta-carotene treatment was found to have no large beneficial or harmful
effect on the development of cataract in a randomised, double-masked, placebo-
controlled trial of 39,876 female health professionals aged 45 years or older who
participated in the Women'’s Health Study, although a subgroup analysis suggests a
possible beneficial effect in smokers (Christen et al 2004). Similarly, a randomised,
double-masked, placebo-controlled trial of 22,071 male physicians aged 40-84 years
found that supplementation with 50 mg of beta-carotene on alternate days for
12 years did not reduce the overall incidence of cataracts or cataract extraction;
however, in a subgroup of smokers the risk of cataract was reduced by approximately
25% (Christen et al 2003).
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In two randomised, double-masked trials involving 5390 nutritionally deprived
subjects in Linxian, China, supplementation with selenium, alpha-tocopherol and
beta-carotene for 5-6 years was found to significantly reduce the prevalence of
nuclear but not cortical cataracts in older subjects (Sperduto et al 1993). This is
contrasted with the finding that 500 mg of vitamin C, 400 IU of vitamin E and 15 mg
of beta-carotene had no apparent effect on the 7-year risk of development or
progression of age-related lens opacities or visual acuity loss in a relatively well-
nourished older adult cohort of 4629 people aged from 55 to 80 years who
participated in the Age-Related Eye Disease Study (AREDS) (Kassoff et al 2001).

AGE-RELATED MACULA DEGENERATION

A high intake of beta-carotene-containing foods has been associated with the
prevention of ARMD and observational and experimental data suggest that
carotenoid supplements may delay progression of both ARMD and vision loss. This is
supported by the findings from the ARED Study, an 11-centre, double-masked clinical
trial involving 3640 participants with ARMD that found supplementation with vitamin
C 500 mg, vitamin E 400 IU, beta-carotene 15 mg and zinc 80 mg for 6 years
significantly reduced the development of advanced ARMD and moderate visual acuity
loss (Kassoff et al 2001). Although beta-carotene and other nutrients may have been
found to be beneficial for preventing ARMD, the carotenoids lutein and zeaxanthin
appear to provide the most protection (see Lutein/zeaxanthin monograph).

ERYTHROPOIETIC PROTOPORPHYRIA AND PHOTOSENSITIVITY

Studies in bacteria, animals and humans have demonstrated that carotenoid :
pigments can prevent or lessen photosensitivity by endogenous photosensitisers, such u’“’“é" Gficenalis. £
as chlorophyll or porphyrins, as well as by exogenous photosensitisers (Mathews-Roth

1993) and high doses of beta-carotene (between 180 and 300 mg/day) have been

used to effectively prevent or lessen photosensitivity in most patients with

erythropoietic protoporphyria and in some patients with other photosensitivity

diseases such as solar urticaria, hydroa aestivale, porphyria cutanea tarda, actinic

reticuloid (Mathews-Roth 1986, 1987, 1990, Mathews-Roth et al 1977).

DOSAGE RANGE

Consumption of the recommended five or more servings of fruits and vegetables per

day provides between 3 and 6 mg of beta-carotene. Supplemental intake of beta-

carotene ranges from 3 to 30 mg/day, although medicinal doses to treat

erythropoietic protoporphyria or prevent a reaction to sun in patients with polymor-

phous light eruption range from 30 to 300 mg/day (PDRHealth 2005). The dose Beta-carotene 101
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required to provide photoprotection is greater than 24 mg/day for more than
2 months (Sies & Stahl 2004).
To enhance absorption, supplementation should be taken with meals.

TOXICITY

Beta-carotene is readily converted into vitamin A when required by the body and is
considered to be non-toxic, even when given in doses as high as 300 mg/day
(Mathews-Roth 1990a, 1993).

A review of the literature on adverse effects of carotenoids on human and animal
development suggests that beta-carotene does not have any genotoxic affects
(Mathews-Roth 1988) and a toxicity study performed on rats suggests a no-observed-
adverse-effect-level (NOAEL) is at a dietary level of at least 5.0% or more than
3000 mg/kg/day (Nabae et al 2005). Beta-carotene overdose is not reported in the
literature.

ADVERSE REACTIONS

At doses greater than 30 mg/day beta-carotene may cause an orange-yellow
colouration of the skin (carotenodermia), which is usually seen first as yellowness of
the palms and soles. This condition is harmless and reversible when intake ceases
(Micozzi et al 1988). Carotenodermia is distinguished from jaundice by the absence
of yellowed ocular sclerae. [For some people, this skin colouration is actually
considered desirable (Mathews-Roth 1990b) and is utilised in tanning tablets to
produce a natural-looking skin tan (DerMarderosian & Beutler 2002).]

At present it is unclear if there is a true link between increased lung cancer risk and : :
long-term beta-carotene supplementation in smokers, because supplementation u’“’”‘" et L ) B
studies with synthetic beta-carotene have produced mixed results, with two studies
finding an increased lung cancer risk with heavy smokers or those with high asbestos
exposure (Group 1994, Heinonen et al 1994, Omenn et al 1996b) and other studies
finding either no effect (Hennekens et al 1996, Lee et al 1999) or a protective effect
(Blot et al 1993).

The association between increased lung cancer risk and beta-carotene has not
been found with natural beta-carotene and there is no suggestion that heavy smokers
should reduce their intake of beta-carotene rich foods. A review suggests that there is
no evidence at present that consuming small amounts of supplemental beta-carotene
in a multivitamin tablet at amounts that exist in foods (<6 mg) is unwise for any
population (Pryor et al 2000).
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SIGNIFICANT INTERACTIONS

DRUGS REDUCING FAT ABSORPTION (E.G. CHOLESTYRAMINE, ORLISTAT)
Drugs that reduce fat absorption, such as cholestyramine, colestipol and orlistat, may
also reduce absorption of beta-carotene (PDRHealth 2005). This can be avoided by
spacing the administration of these substances by at least 2 hours. Plant sterols have
been found to reduce beta-carotene bioavailability by approximately 50% in
normocholesterolaemic men (Richelle et al 2004).

FIBRATES

There may be a positive interaction between fibrate and natural beta-carotene, which
has been found to significantly increase HDL-cholesterol levels in fibrate-treated mice
and humans (Shaish et al 2006).

VALPROATE

Epileptic patients who gain weight with valproate therapy have been found to have
reduced plasma concentrations of beta-carotene and other fat soluble antioxidant
vitamins, which is reversible after valproate withdrawal (Verrotti et al 2004).

CONTRAINDICATIONS AND PRECAUTIONS
Heavy smokers should be advised not to take synthetic beta-carotene supplements for
long periods of time.

PREGNANCY USE

Beta-carotene crosses the placenta. Adequate and well-controlled studies in humans
have not been documented. No problems with pregnancy have been documented in :
women taking up to 30 milligrams of beta-carotene daily (Micromedex 2003). Rl

PRACTICE POINTS/PATIENT COUNSELLING

e Beta-carotene is an antioxidant found in carrots and other fruit and vegetables, as
well as in seaweed and algae. Together with other carotenoids, it is an effective
marker for a diet rich in fruits and vegetables.

e Beta-carotene is fat soluble and should be consumed with meals.

o Although beta-carotene is converted into vitamin A in the body, unlike vitamin A it
is considered non-toxic even in large doses.

e When supplementing with beta-carotene it is preferable to use supplements
containing natural beta-carotene from the algae Dunaliella salina or palm oil rather
than synthetic beta-carotene.

e Beta-carotene is a powerful pigment that contributes to the normal yellow
component of skin and increased beta-carotene intake may protect from the Beta-carotene 103
effects of excessive exposure to sunlight and the symptoms of sunburn.
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e Consumption of beta-carotene-rich food is associated with reduced risk of cancers,
heart disease and eye disease; however, these benefits have not been found in
large studies that have used synthetic beta-carotene with two studies finding an
increase in lung cancer in heavy smokers and asbestos workers taking large doses
of synthetic beta-carotene.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

Beta-carotene supplementation will ensure you maintain adequate vitamin A levels,
as well as possibly assist in preventing cancer and cardiovascular disease, help
maintain a healthy immune system, prevent sunburn and photoageing of the skin,
assist with asthma, and deal with oxidative stress.

When will it start to work?

It may take up to 2-3 months to see a benefit with UV protection, whereas other
benefits may be observable over many years.

Are there any safety issues?

Beta-carotene is considered non-toxic. Large doses may cause a yellowing of the skin,
but this is harmless and reversible.
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Bilberry

Historical note Bilberries have been used as a food for many centuries and
are valued for their taste and high nutritional content. They are still commonly
used to make jams, pies, syrups and beverages. Medicinally, the berries have
been used internally to treat diarrhoea and haemorrhoids and externally for
inflammation of the mouth and mucous membranes as they have significant
astringent activity. According to folklore, World War Il British Royal Air Force
pilots noticed that their night vision seemed to improve after consuming
bilberries or bilberry preserves, sparking a renewed interest in the medicinal
properties of the fruits.

COMMON NAME
Bilberry

OTHER NAMES
Baies de myrtille, blaubeeren, dwarf bilberry, European bilberry, European blueberries,
huckleberry, hurtleberry, heidelbeeren, petit myrte, whortleberry, wine berry

BOTANICAL NAME/FAMILY
Vaccinium myrtillus (family Ericaceae)

PLANT PARTS USED Py ”,,M/H 7
Dried ripe fruit or fresh fruit Loindde Grnoc _ _

CHEMICAL COMPONENTS
The fruit contains catechin tannins (up to 10%), invert sugar, fruit acids, flavonol
glycosides including astragalin, hyperoside, isoquercitrin and quercitrin, phenolic
acids, pectins, triterpenes, and polyphenols such as anthocyanosides. The volatile oil
includes methyl salicylate, farnesol, vanillin, myristicin and citronellol. Bilberry also
contains vitamin C and chromium, which are suspected of playing a role in its
pharmacological activities.

Some of the anthocyanosides are responsible for the deep blue pigment of the
fruit (Kahkonen et al 2001). As the fruit ripens, the anthocyanoside content increases.
Some commercially available extracts are standardised to anthocyanoside content.
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Clinical note — Tannins

Tannins are polyphenolic compounds that have an affinity for proteins. They also
complex with alkaloids and therefore should not be mixed with alkaloid-containing
herbs.

Anthocyanosides are condensed tannins. When they come into contact with
mucous membranes they have an astringent action, making the mucosa less
permeable. This activity has been used therapeutically in a variety of ways.

Taken internally, herbs with a high tannin content such as bilberry have been
used to treat diarrhoea; applied externally, a styptic action occurs that reduces
blood loss.

MAIN ACTIONS

The pharmacological actions of bilberry have not been significantly investigated in
clinical studies, so information is generally derived from in vitro and animal studies or
based on known information about key constituents found within the herb. Most of
the research undertaken to understand the pharmacology of the herb has focused on
the polyphenol content.

ANTIOXIDANT

Anthocyanosides are the main phenolic constituents in bilberry and have well
established antioxidant activity (Kahkonen et al 2001, Roy et al 2002).

Reduces ischaemic reperfusion injury Bilberry anthocyanosides have been
shown to improve ischaemia damage, preserve capillary perfusion, inhibit increased
permeability of reperfusion and save arteriolar tone in an animal model of ischaemic i . 7

reperfusion injury (Bertuglia et al 1995). s e ) B
Ophthalmic conditions Bilberry’s significant antioxidant activity is believed to be

responsible for much of its activity in the eye, in particular, prevention of cataract.

Clinical note — Cataract

Growing evidence suggests that senile cataract development may in part be linked
to the endogenous generation of free radical molecules, such as superoxide derived
from oxygen and light in the aqueous humour and lens (Varma & Richards 1988,
Varma et al 1982, 1994). As such, substances with significant antioxidant activity
such as anthocyanins, vitamin C and vitamin E have been investigated as potential
prophylactic treatments.

ANTI-INFLAMMATORY AND ANTI-OEDEMA ACTIVITY )
Biochemical and histochemical data show that the anthocyanins decrease vascular Bilberry 115
permeability and alter capillary wall dynamics by increasing the endothelium barrier
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effect by stabilising membrane phospholipids, and by increasing synthesis of
mucopolysaccharides of the connective ground substance and thus restoring the
altered pericapillary sheath (Mian et al 1977).

These effects have been demonstrated in animal models for both oral adminis-
tration and topical application of bilberry anthocyanins (1% alcoholic solution) and
seen to be stronger and longer lasting than those of rutin (Lietti et al 1976).

ASTRINGENT
The astringent properties of bilberry are well established and attributed to its
significant tannin content.

IMPROVES VISUAL FUNCTION

Epidemiological investigations have indicated that moderate consumption of antho-
cyanin-containing herbs such as bilberry extract is associated with an improvement of
visual function (Hou 2003). Several animal studies suggest a positive effect on dark
adaptation (Canter & Ernst 2004). More specifically, bilberry enhances regeneration
of rhodopsin in the retina, which is essential for optimal functioning of the rods and
therefore light adaptation and night vision (Blumenthal et al 2000). Other possible
mechanisms of action in the eye include accelerated modulation of retinal enzyme
activity and improved microcirculation (Canter & Ernst 2004).

GASTROPROTECTIVE ACTIVITY

In vitro results have found that a specific anthocyanin found in bilberry causes an
increase in the efficiency of the gastric mucosal barrier (Cristoni et al 1989). When
administered orally in an animal model it was shown to retard the development of
gastric ulcers induced by stress, NSAIDs, ethanol, reserpine and histamine (Magistretti
et al 1988).

HYPOGLYCAEMIC ACTIVITY

A dried hydroalcoholic extract of bilberry leaf administered orally to streptozotocin-
diabetic rats for 4 days decreased plasma glucose levels by 26% (Cignarella et al
1996).

REDUCES TRIGLYCERIDE LEVELS

A dried hydro-alcoholic extract of bilberry leaf administered orally to streptozotocin-
diabetic rats for 4 days decreased plasma triglyceride levels by 39% (Cignarelli et al
1996).

OTHER ACTIONS
Preliminary research has found that components of the hexane/chloroform fraction of
bilberry exhibits anticarcinogenic activity (Bomser et al 1996). More recently,
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antiangiogenic activity has also been identified (Roy et al 2002). Bilberry extract
inhibits platelet aggregation according to ex vivo tests (Pulliero et al 1989).

CLINICAL USE

Bilberry extracts are popular in Europe and have been investigated in numerous
clinical trials, primarily in non-English speaking European countries. As a result, many
research papers have been published in other languages. To provide a more complete
description of the evidence available, secondary sources have been used when
necessary.

NON-SPECIFIC ACUTE DIARRHOEA

The considerable astringent activity of bilberry provides a theoretical basis for its use
in non-specific acute diarrhoea. Commission E approved crude fruit preparations for
this indication (Blumenthal et al 2000).

MILD INFLAMMATION OF THE MOUTH AND THROAT

The considerable astringent, anti-inflammatory and anti-oedema activity of bilberry
provides a theoretical basis for its use as a topical application in these indications.
Commission E approved for this indication (Blumenthal et al 2000).

HAEMORRHOIDS, VARICOSE VEINS, VENOUS INSUFFICIENCY

The considerable astringent, anti-inflammatory and anti-oedema activity of bilberry
provides a theoretical basis for its use in these conditions. Several human case series
and a single-blind trial report significant improvements in lower extremity discomfort
and oedema related to chronic venous insufficiency; however, further research is ! .
required to confirm these findings (Ulbricht & Basch 2005). &Mm; Offeinalis. =

PREGNANCY

A bilberry product (Myrtocyan®) was taken at a dose of 320 mg daily in the last
trimester by women aged 24-37 years with pregnancy-induced lower extremity
oedema and found to significantly improve symptoms of burning and itching,
heaviness, pain, diurnal and nocturnal leg cramps, oedema and capillary fragility
(Ghiringhelli et al 1978 and reported in Blumenthal 2003).

OPHTHALMIC CONDITIONS

Bilberry preparations have been used to improve poor night vision, light adaptation
and photophobia, myopia and to prevent or retard diabetic retinopathy, macular
degeneration and cataracts. Primarily the collagen-enhancing and antioxidant
activities of bilberry provide a theoretical basis for these indications.

Visual acuity and light adaptation A systemic review of 12 placebo-controlled
trials (5 RCTs and 7 placebo-controlled non-randomised trials) concluded that the
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anthocyanosides from Vaccinium myrtillus were not effective for improving night
vision; however, the authors point out that the potential therapeutic role of these
constituents should not yet be dismissed because confounding factors and supportive
auxiliary evidence exists (Canter & Ernst 2004). Four of the RCTs showed no positive
effects for V. myrtillus anthocyanosides on outcome measures relevant to vision in
reduced light whereas the fifth RCT and all seven non-randomised trials reported
positive effects on outcome measures relevant to night vision. Seventeen other
studies were located by Canter and Ernst but not included in the analysis because
they did not contain a placebo group. Sixteen of those studies produced positive
results on measures relevant to night vision in either healthy subjects or patients with
a range of visual disorders and only one was negative.

The authors point out several confounding factors, in particular the wide range of
doses, possible geographical variations in extract composition, choice of subject
(generally healthy) and methods used to obtain and interpret electroretinograms,
which varied between older and newer studies. For example, two of the negative
RCTs tested the lowest dose levels of any of the trials: 36 mg daily for acute treatment
and <48 mg for short-term treatment.

A significant improvement in visual performance has been demonstrated for
bilberry extract in people with retinitis pigmentosa and hemeralopia (inability to see
distinctly in bright light), suggesting that effects may be more pronounced in cases of
impaired visual acuity (Gloria & Peria 1966, Junemann 1967).

Glaucoma In one small study of eight patients, a single oral dose of 200 mg
bilberry anthocyanosides was shown to improve glaucoma, as assessed by . X 4
electroretinography (Caselli 1985). gl it
Retinopathy In Europe, bilberry anthocyanoside extracts are recognised as highly

effective in preventing or treating diabetic retinopathy, with clinical research

supporting its use (Lietti et al 1976, Orsucci et al 1983, Perossini 1987, Scharrer &

Ober 1981).

One double-blind study involving 40 patients with diabetic and/or hypertensive
retinopathy showed that a dose of bilberry extract (Tegens™) equivalent to 160 mg
anthocyanosides taken twice daily for 1 month significantly improved
ophthalmoscopic parameters and angiographic parameters (Perossini 1987). Another
study of 31 subjects with different forms of retinopathy (diabetic retinopathy, retinitis
pigmentosa, macular degeneration or haemorrhage due to anticoagulant use) found
that treatment with bilberry extract (Difrarel 100™) reduced vascular permeability and
the tendency to haemorrhage in all patients (Scharrer & Ober 1981). A small open Bilberry 118
study by Orsucci et al of 10 subjects with diabetic retinopathy found that 6 months of
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treatment with bilberry extract (Tegens™) equivalent to 240 mg anthocyanosides
daily resulted in reduction or disappearance of haemorrhages and improvement in
the retinal picture (Orsucci et al 1983 and reported in Blumenthal 2003).

Myopia Uncontrolled trials report a beneficial effect of the extract on patients with
myopia (Canter & Ernst 2004).

Cataract In practice, bilberry has been recommended to delay cataract progression.
A case series of 50 elderly subjects with early-stage cataract found that a combination
of anthocyanosides extracted from bilberry and vitamin E slowed progression of lens
opacities by 97% (Ulbricht & Basch 2005). Placebo-controlled trials are now required
to confirm these results.

OTHER USES
Traditionally, bilberry has been used to treat dysentery, diabetes, gastrointestinal
inflammatory conditions, vaginal discharges, haemorrhoids, and to stop lactation.
Externally, bilberry preparations have been used to treat wounds, ulcers and skin
infections. More recently, other uses include treatment for bleeding gums, nose
bleeds, spider veins, capillary fragility, peptic ulcers, Raynaud’s syndrome and venous
insufficiency (such as claudication).

Additionally, a double-blind placebo-controlled study confirmed that bilberry
improves peripheral vascular disorders by improving subjective symptoms after
30 days’ treatment (Mills & Bone 2000).

DOSAGE RANGE

INTERNAL . h )

e Fluid extract (1:1) standardised to provide 50~120 mg daily of anthocyanins: Sl il i _
6-12 ml/day taken in three divided doses.

e Oral dose forms: bilberry extracts providing 50-288 mg of anthocyanins daily.

e Decoction of dried herb: 5-10 gm of crushed, dried fruit in 150 mL of cold water,
which is then boiled for up to 10 minutes and strained while hot. For symptomatic
treatment of diarrhoea, drink the cold decoction several times daily.

e Gargle: Make a 10% decoction using the above preparation.

e Fresh fruit : 20-50 g daily.

EXTERNAL
e 5-10 g crushed dried fruit in 150 mL of cold water, brought to the boil for
10 minutes then strained while hot to make a decoction for local application.
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TOXICITY - Fad_5€
Rats administered high doses of up to 400 mg/kg showed no adverse effects (Murray @’ , 4 .
1995). i ¢

ADVERSE REACTIONS

No adverse effects were reported in a systematic review of 12 placebo-controlled
trials of V. myrtillus anthocyanosides (Canter & Ernst 2004). According to the same
authors, a post-marketing surveillance study of 2295 people identified that 4%
experienced side-effects related to the skin, nervous system or gastrointestinal tract.

SIGNIFICANT INTERACTIONS
Controlled studies are not available, therefore interactions are theoretical and based
on evidence of pharmacological activity with uncertain clinical significance.
ANTICOAGULANT AND ANTIPLATELET DRUGS

@ A theoretical risk exists that high doses (>170 mg anthocyanidins) may increase
bleeding risk.

IRON
Reduced absorption is theoretically possible if taken at the same time because of the
tannin content of the herb — separate doses by 2 hours.

HYPOGLYCAEMIC AGENTS
Additive effects theoretically possible with leaf preparations — observe patient.

CONTRAINDICATIONS AND PRECAUTIONS
High doses (>170 mg anthocyanidins) should be use with caution by people with
haemorrhagic disorders.

PREGNANCY USE

A study investigating bilberry extract for pregnancy-induced lower extremity oedema
reported no adverse effects (Ulbricht & Basch 2005) — likely to be safe when berry is
consumed in dietary amounts.

PRACTICE POINTS/PATIENT COUNSELLING
o Bilberry has antioxidant, anti-inflammatory and astringent actions and has
considerable polyphenol content.
e Bilberry extract is a popular treatment in Europe for preventing and treating
retinopathy. It is also used to treat several other ophthalmic conditions such as
poor night vision, poor light adaptation, and sensitivity to glare, photophobia,
glaucoma, myopia and cataract. Bilberry 120

Cilondela (}y}l inales. £

© 2007 Elsevier Australia



e Some research also suggests that it is useful in venous insufficiency, peripheral
vascular disorders (such as Raynaud’s syndrome) and capillary fragility.

e Approved by Commission E for the treatment of non-specific, acute diarrhoea and
mild inflammatory conditions of the mouth and throat.

e Preliminary evidence suggests it may reduce serum glucose levels and triglycerides
in diabetes and prevent peptic ulcer formation due to NSAIDs or stress; however,
clinical research is still required to confirm these effects.

e Invitro investigation has identified anticarcinogenic activity.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Bilberry is used to relieve the symptoms of mild diarrhoea and improve poor night
vision, sensitivity to glare, photophobia, peptic ulcers, varicose veins, venous
insufficiency and haemorrhoids when taken internally. It is also used as a mouthwash,
gargle or paint for mild inflammation of the mouth or throat, such as gingivitis or
pharyngitis.

When will it start to work?

This depends on the indication. Improvements in night vision, photophobia and glare
sensitivity have been reported within 2-4 weeks of use in some people whereas
preventive effects are likely to require long-term use. In peripheral vascular diseases,
30 days’ treatment may be required before effects are noticed.

Are there any safety issues?

Considered a safe herb overall, bilberry can theoretically reduce blood glucose levels
in people with diabetes and so should be used carefully in these patients. At very high
doses it may interact with warfarin and antiplatelet drugs.
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Bitter melon

Historical note Bitter melon is used as a traditional medicine wherever it is
found. It has a long history of use in Asia, Africa and Latin America and has been
widely acclaimed as an important remedy for diabetes mellitus since ancient
times. The term momordica means 'to bite’ and refers to the jagged edges of
the leaf, which appear as if bitten. Bitter melon has been used to treat fevers,
viral infections and as an emmenagogue in reproductive health. It has also been
used as a treatment for gastrointestinal complaints, worms, constipation,
headaches, skin conditions and diabetes. The fruit is used topically for wound
healing. The plant has also been used in traditional ceremonies and considered a
powerful charm which is worn as a necklace, wrist or ankle bracelet or crown
(Beloin et al 2005). The ritual ceremonial importance of the plant is ac-
companied by its considerable reputation as a medicinal plant for the treatment
of disease.

OTHER NAMES
African cucumber, balsam pear, bitter gourd, kakara, karela, ku gua, sushavi, wild
cucumber

BOTANICAL NAME/FAMILY
Momordica charantia (family Curcubitaceae)

PLANT PARTS USED
Fruit, leaves

CHEMICAL COMPONENTS

It contains several biologically active constituents that include glycosides (e.g.
momordicins | and Il), steroidal saponins (e.g. charantins), alkaloids, fixed oils and
proteins (e.g. MAP30: Momordica anti-HIV protein; molecular weight, 30 kD). The
immature fruits are a good source of vitamin C and also provide vitamin A,
phosphorus, and iron (Grover & Yadav 2004).

MAIN ACTIONS
Bitter melon has been the subject of countless studies and has demonstrated
significant pharmacological activity in a variety of experimental models.

| Cibendnla ’(}y%lmm/m._; ) B
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ANTIDIABETIC

The antidiabetic potential of bitter melon is well established in normal, streptozocin-
or alloxan-induced diabetic animals and in genetic models of diabetes (Ahmed et al
2004, Bailey et al 1985, Day et al 1990, Jayasooriya et al 2000, Kar et al 2003, Miura
etal 2001, 2004, Reyes et al 2005, Sarkar et al 1996, Shibb et al 1993). All parts of
the plant (fruit pulp, seeds, leaves and whole plant) have shown activity.

A systematic study comparing the hypoglycaemic activity of three extracts in vivo
found that the methanolic extract of dried whole fruits and seeds reduced blood
glucose by 49% at the end of the first week, which became 39% by week 5; the
aqueous extract of fresh, unripe, whole fruits reduced fasting blood glucose by 50%,
which was consistent until the study ended, and the chloroform extract of dried
whole fruits and seeds showed almost no hypoglycaemic activity (Virdi et al 2003).

These observations have special significance when one considers that the whole
bitter gourd is cooked in water and consumed in many cultures, particularly in India.

The hypoglycaemic activity is attributed to a mixture of steroidal saponins known
as charantins, insulin-like peptides and alkaloids that are concentrated in the fruit
(Grover & Yadav 2004).

Based on studies with animal models, it appears that Momordica charantia
increases the renewal of beta-cells in the pancreas, or may permit the recovery of
partially destroyed beta-cells (Ahmed et al 1998), and stimulates pancreatic insulin
secretion (Welihinda et al 1982). It also improves peripheral glucose uptake
(Welihinda & Karunanayake 1986). A study with streptozocin-induced diabetic
animals found that bitter melon juice normalises the structural abnormalities of i 5
peripheral nerves, regulates glucose uptake into the jejunum membrane brush border L’“‘M" e
vesicles and stimulates glucose uptake into skeletal muscle cells (Ahmed et al 2004).

LIPID-LOWERING
Lipid-lowering activity has been reported in studies of normal and diabetic animals for
the fruit extract, flavonoids extracted from bitter melon or a methanolic fraction of
the plant (Ahmed et al 2001, Anila & Vijayalakshmi 2000, Chaturvedi 2005,
Chaturvedi et al 2004, Senanayake et al 2004, Singh et al 1989). Typically, decreases
in triglyceride and LDL levels and increases in HDL levels are seen.

In contrast, karela oil increased total lipid levels and phospholipid concentrations
in heart and brain as compared with linseed, according to an in vivo study (Dhar &
Bhattacharyya 1998).
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ANTIVIRAL

Several constituents found in bitter melon (e.g. alpha- and beta-momorcharin, lectin
and MAP 30) have demonstrated in vitro antiviral activity against Epstein-Barr, HSV-1,
HIV, coxsackievirus B3 and polio viruses (Beloin et al 2005, Bourinbaiar & Lee-Huang
1998, Foa-Tomasi et al 1982, Grover & Yadav 2004, Sun et al 2001).

A study using a lyophilised extract of Momordica charantia against HSV-1
suggests that the presence of light may be important for antiviral activity (Beloin et al
2005). The active antiviral constituents are not the main bitter principles momordicins
I and Il, as these have not shown activity against HSV-1 (Beloin et al 2005). One
constituent referred to as MAP30 has received special attention as it exhibits potent
inhibition of HIV-1 and HSV (Schreiber et al 1999).

ANTIBACTERIAL
Broad-spectrum antibacterial activity has been demonstrated for the leaf extracts
(agqueous, ethanol, and methanol) (Grover & Yadav 2004). In vitro antimicrobial
activity occurred against Escherichia coli, Salmonella paratyphi, Shigella dysenterae
and against Streptomyces griseus (Grover & Yadav 2004, Ogata et al 1991,
Omoregbe et al 1996). In a phase Il study, the leaf extracts inhibited the growth of
Mycobacterium tuberculosis in vitro, using the BACTEC 460 susceptibility test method
(Frame et al 1998).

Tests with an extract of the entire plant demonstrated antiprotozoal activity
against Entamoeba histolytica (Grover & Yadav 2004) and a fruit extract exhibited
activity against Helicobacter pylori (Yesilada et al 1999).

ANTHELMINTIC uﬂfﬂif Gfecinales. 2
The anthelmintic activity of the leaves of Momordica charantia against Caenorhabditis
elegans was identified and described as high in one study (Beloin et al 2005).
Triterpene glycosides of bitter melon (momordicins | and II) were found to be very
active nematicides. A preparation of M. charantia exhibited stronger anthelmintic
activity in vitro than piperazine hexahydrate against Ascaridia galli (Lal et al 1976).

ABORTIFACIENT

Experimental studies with mice have demonstrated that bitter melon can induce
abortions (Chan et al 1984, 1985, Tam et al 1984). According to an in vivo study, the
glycoproteins alpha- and beta-momorcharin isolated from the seeds are effective in
inducing early and midterm abortions (Chan et al 1986) and the momorcharins were
teratogenic in cultured mouse embryos (Chan et al 1986).
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OTHER ACTIONS

ANTICANCER

Various preliminary studies (in vitro and in vivo) with crude bitter melon extract and
its various constituents (e.g. MAP 30, momordin |, alpha-momorcharin) have shown
anticancer activity (Basch et al 2003).

ANALGESIC

An in vivo study identified a dose-dependent analgesic effect for a methanolic extract
of bitter melon seeds (Biswas et al 1991). The dose that produced a 50% response
was 5 mg/kg SC. Analgesic activity was rapid and short lived. The opiate pathway was
not involved, as naloxone pretreatment did not modify the analgesic response.

CLINICAL USE
Although bitter melon and several of its constituents have been investigated in many
experimental studies, few clinical studies have been conducted.

DIABETES

Various bitter melon preparations have demonstrated hypoglycaemic activity in
experimental models, but double-blind controlled studies are not available to
determine its clinical effects.

Current evidence of efficacy in diabetes comes from case series and an open study
that have shown that bitter melon juice, fruit, and dried powder exerts a moderate
hypoglycaemic effect (Basch et al 2003, Ahmad et al 1999). The largest study
involved 100 people with type 2 diabetes and found that drinking a homogenised
suspension of the vegetable pulp of M. charantia caused a significant reduction
(P < 0.001) of postprandial serum glucose in 86% cases and fasting glucose in 5%
cases (Ahmad et al 1999).

Bitter melon has shown promising effects in prevention as well as delay in
progression of diabetic complications (e.g. nephropathy, neuropathy, cataract and
insulin resistance) in experimental animals (Grover & Yadav 2004).

CANCER
Controlled studies are not available to determine the clinical significance of the
encouraging experimental findings.

According to an intriguing case report from the 1970s, a patient with gall-bladder
carcinoma who was given an estimated survival of 2 years after surgery survived a
further 10 years, possibly because of drinking bitter melon tea daily. The signs and
symptoms of disease reappeared after consumption of the tea ceased for 4 months
because of lack of availability and the patient subsequently died (West et al 1971).
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HIV

Nine case reports of people with HIV taking bitter melon, sometimes in combination
with other herbal medicines, suggest it may normalise the CD4/CD8 ratio; however,
further investigation is required (Zhang & Khanyile 1992).

OTHER USES

Traditionally, bitter melon has been used as a treatment for a variety of conditions
such as diabetes, gastrointestinal complaints, worms, constipation, headaches, skin
conditions, viral infections and as an emmenagogue in reproductive health.
Experimental studies support its use in some of these indications; however, controlled
studies are still required to determine its role in practice.

DOSAGE RANGE

GENERAL GUIDE
e Juice: 50-100 mLl/day

ACCORDING TO CLINICAL STUDIES
e Diabetes: aqueous extract of bitter melon fruit juice containing 100 g of fruit in
100 mL of extract taken daily

ADVERSE REACTIONS

There are two case reports of bitter melon tea inducing hypoglycaemic coma and
convulsions in children (Basch et al 2003). Headaches have been reported with
ingestion of the seeds (Ulbricht & Basch 2005).

SIGNIFICANT INTERACTIONS
Controlled studies are not available therefore interactions are based on evidence of
activity and are largely theoretical and speculative.
HYPOGLYCAEMIC AGENTS

@ Theoretically an additive effect is possible, resulting in increased hypoglycaemic
effects — caution. Possible beneficial interaction when used under professional
supervision.

CONTRAINDICATIONS AND PRECAUTIONS
@ Avoid bitter melon seed or the outer rind due to the presence of toxic lectins and
avoid use of bitter melon in people with glucose-6-phosphate dehydrogenase
deficiency (Ulbricht & Basch 2005).
When low doses of bitter melon extract were ingested for up to 2 months in
experimental models, no signs of nephrotoxicity, hepatotoxicity or adverse effects on Bitter melon 127
food intake, growth organ weights and haematological parameters were observed.
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However, toxicity and even death in laboratory animals have been reported when
extracts in high doses were administered intravenously or intraperitoneally (Kusamran
et al 1998).

PREGNANCY USE
@ Based on experimental studies in animal models and traditional use, bitter melon is
contraindicated in pregnancy.

PRACTICE POINTS/PATIENT COUNSELLING

e Bitter melon is used as a traditional remedy for diabetes mellitus. Evidence from
experimental studies and case reports support moderate hypoglycaemic activity;
however, controlled studies have not yet been conducted.

o Traditionally, bitter melon has also been used as a treatment for gastrointestinal
complaints, worms, constipation, headaches, skin conditions, viral infections and
as an emmenagogue.

e According to experimental studies, bitter melon and/or its various constituents
exert lipid-lowering, antibacterial, anthelmintic, abortifacient, antineoplastic and
analgesic activities.

e Bitter melon is contraindicated in pregnancy and people with glucose-6-phosphate
dehydrogenase deficiency.

e Avoid bitter melon seed or the outer rind, which have toxic lectins.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

According to preliminary research, bitter melon may lower blood glucose levels and
aid in the management of diabetes.

When will it start to work?

This is difficult to predict. Diabetics should monitor their blood glucose readings
when taking bitter melon.

Are there any safety issues?

Bitter melon is contraindicated in pregnancy and people with glucose-6-phosphate
dehydrogenase deficiency. The seeds and outer rind should be avoided because they
contain toxic lectins. Diabetic patients should monitor their blood glucose when
taking bitter melon to prevent hypoglycaemia.
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Black cohosh

Historical note Native Americans first used black cohosh many centuries ago,
mainly as a treatment for female reproductive problems but also for fatigue,
snakebite and arthritis. It was widely adopted by European settlers, eventually
becoming a very popular treatment in Europe for gynaecological conditions.

COMNMON NAME
Black cohosh

OTHER NAMES
Baneberry, black snakeroot, bugbane, rattle-root, rattle-top, rattleweed, squawroot,
traubensilberkerze, wanzenkraut

BOTANICAL NAME/FAMILY
Cimicifuga racemosa now known as Actaea racemosa Linnaeus (family
Ranunculaceae)

PLANT PARTS USED
Rhizome and root

CHEMICAL COMPONENTS

Black cohosh contains various triterpene glycosides, including cimicifugoside and
actein, 27-deoxyactein, N-methylcytisine and other quinolizidine alkaloids, phenolic
acids, isoferulic and salicylic acids, resins, fatty acids and tannins.

Until recently, the isoflavone, formononetin, was believed to be a pharmacologi-
cally important constituent of the herb; however, recent testing of numerous samples
has failed to detect it in any sample, including the commercial products Remifemin
(Schaper & Brummer GmbH & Co. KG, Salzgitter, Germany) and CimiPure (Kennelly et
al 2002).

MAIN ACTIONS

HORMONE MODULATION

It appears unlikely that black cohosh exerts oestrogenic activity. Although oestrogenic

activity has been detected in some tests (Duker et al 1991, Kruse et al 1999, Liu et al

2001) it has not been observed in others (Beck et al 2003, Einer-Jensen et al 1996,

Zierau et al 2002). Additionally, the herb has demonstrated anti-oestrogenic activity Black cohosh 131
in one test (Zierau et al 2002) and in 2003, black cohosh was investigated in a variety
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of different assays and did not demonstrate oestrogenic activity in any assay system
(Lupu et al 2003).

More recently, results from a study using black cohosh extract BNO 1055 in
ovariectomised rats found it has selective oestrogen receptor modulator activity with
no action in the uterus, but beneficial effects in the hypothalamopituitary unit and in
the bone (Seidlova et al 2003). This has been confirmed in a double-blind,
randomised, multicentre study using the same black cohosh extract (Wuttke et al
2003). In that study, the herbal extract was equipotent with conjugated oestrogens in
reducing menopausal symptoms, had beneficial effects on bone metabolism and
significantly increased vaginal superficial cells; however, it did not exert uterotrophic
activity.

Overall it is generally agreed that black cohosh reduces LH secretion. This has been
confirmed in a human study and is believed to be the result of at least three different
active constituents acting synergistically (Duker et al 1991).

Clinical note - Selective oestrogen receptor modulators

These are compounds that, in contrast to pure oestrogen agonists or antagonists,
have a mixed and selective pattern of oestrogen agonist-antagonist activity, which
largely depends on the tissue targeted. The therapeutic aim of using these
substances is to produce oestrogenic actions in those tissues in which it would be
beneficial (e.g. bone, brain, liver) and have either no activity or antagonistic activity
in tissues, such as breast and endometrium, where oestrogenic actions (cellular
proliferation) might be deleterious. They are a relatively new class of pharmacologi- " .
cally active agents and are being used by women who cannot tolerate um(&; Gficinalic L
pharmaceutical HRT or are unwilling to use it. The most actively studied are
tamoxifen and raloxifen (Hernandez & Pluchino 2003).

ANTI-INFLAMMATORY
Animal studies have identified some anti-inflammatory activity (Hirabayashi et al
1995).

SEROTONERGIC

In vitro tests identified compounds in a black cohosh methanol extract that were
capable of strong binding to the 5-HT(1A), 5-HT(1D), and 5-HT(7) receptor subtypes
(Burdette et al 2003). Further investigation by these authors found that the
components functioned as a partial agonist of the 5-HT(7) receptor.

Black cohosh 132
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DOPAMINERGIC

It is suggested that the effects of A. racemosa may be due to dopaminergic activity,
because black cohosh extract BNO 1055 displayed dopaminergic activity with a D(2)-
receptor assay (Jarry et al 2003). Considering that dopaminergic drugs reduce some
symptoms (e.g. hot flushes) associated with menopause, this theory is feasible;
however, further studies are required to explain why black cohosh is devoid of the
typical side-effects associated with dopaminergic drugs (Borelli & Ernst 2002).

OTHER ACTIONS
A dose-dependent antihypertensive effect was identified for a triterpene found in
black cohosh (actein) in animals tests. The clinical significance of this finding for
humans using black cohosh root is unknown (Genazzani & Sorrentino 1962). Black
cohosh is traditionally thought to act as a tonic and nervous system restorative
medicine and exert antispasmodic and anti-inflammatory activity.

No effect on CYP3A was detected in a recent human study (Gurley et al 2006).

CLINICAL USE

MENOPAUSAL SYMPTOMS

Most clinical research has tested the commercial preparation of black cohosh known

as Remifemin, which is standardised to contain triterpene glycosides

(0.8-1.2 mg/tablet), but recently there has been some investigation of BNO 1055, an
aqueous ethanolic extract (58% vol/vol), sold as Klimadynon and Menofem (Bionorica
AG, Neumarkt, Germany).

A review of eight clinical trials published in 1998 found that black cohosh i 5
(Remifemin) is a safe and effective alternative to HRT for menopausal patients in L“‘M" et L
whom HRT is contraindicated (Lieberman 1998). Symptoms responding to treatment
with black cohosh include hot flushes, vaginal thinning and drying, night sweats,
sleep disturbances, anxiety and depression.

Two clinical studies have been conducted in recent years with the BNO 1055 black
cohosh extract. A double-blind, randomised, multicentre study compared the effects
of BNO 1055 (40 mg/day) to conjugated oestrogens (0.6 mg/day) and placebo on
climacteric complaints, bone metabolism and endometrium (Wuttke et al 2003). The
study involved 62 postmenopausal women who took their allocated treatment for
3 months. BNO 1055 proved to be equipotent to conjugated oestrogens and superior
to placebo in reducing climacteric symptoms and both active treatments produced
beneficial effects on bone metabolism. Vaginal superficial cells increased with both
active treatments; however, BNO 1055 had no effect on endometrial thickness, which Black cohosh 133
was significantly increased by conjugated oestrogens.
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A randomised study (Hernandez & Pluchino 2003) was also performed with 136
young premenopausal breast cancer survivors experiencing hot flushes as a result of
tamoxifen therapy. When BNO 1055 (Menofem/Klimadynon, corresponding to 20 mg
of herbal drug) was used together with tamoxifen for 12 months, the number and
severity of hot flushes were reduced, with almost 50% of subjects becoming free of
hot flushes, and severe hot flushes were reported by only 24% compared with 74%
for those using tamoxifen alone.

In contrast, a previous double-blind, placebo controlled study (n = 85) failed to
detect significant improvements with black cohosh for hot flush frequency or severity
when used by patients with breast cancer for 2 months and who were also taking
tamoxifen (Jacobson et al 2001). Unfortunately, the authors of that study did not
specify which black cohosh product was being used or the dosage, making a
comparison with the previous study difficult.

Recently, a Swiss multicentre, randomised, placebo-controlled, double-blind study
(Frei-Kleiner et al 2005) was conducted with 122 menopausal women and found that
daily black cohosh root extract Cr 99 (6.5 mg dried rhizome extract, drug/extract ratio
4.5-8.5:1 corresponding to 29-55 mg with an average of 42 mg crude drug,
extraction solvent 60% ethanol v/v) had a significant effect in women with
menopausal disorders of moderate intensity according to a Kupperman Index =20.
Concerning the Menopause Rating Scale, active treatment decreased score values by
48% in the A. racemosa group compared with 14% for placebo.

Herbal combination studies One study has investigated the effects of a fixed
combination of isopropanolic black cohosh (Remifemin; standardised to 1 mg . b ‘
triterpene glycosides) and ethanolic St John’s wort (standardised to 0.25 mg total il Ao
hypericine) in women with menopausal symptoms with pronounced psychological

symptoms (Uebelhack et al 2006). The double-blind, randomised study of 301

women found that 16 weeks of herbal treatment produced a significant 50%

reduction in the Menopause Rating Scale score compared with 20% with placebo and

a significant 42% reduction in the Hamilton Depression Rating Scale compared with

only 13% in the placebo group. Each treatment tablet contained black cohosh extract

(corresponding on average to 3.75 mg native extract and 22.5-41.25 mg rootstock)

and St John's wort extract (corresponding to 70 mg native extract and 245-350 mg

herb). Patients took two tablets twice daily for 8 weeks then reduced to one tablet

twice daily for the remainder of the study. There were no relevant group differences

regarding adverse events, laboratory values, or tolerability.

A combination of soy isoflavones, black cohosh and nutritional supplements failed Black cohosh 134
to have a significant effect on menopausal symptoms in a 12-week randomised,
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placebo-controlled, double-blind study of 124 women (Verhoeven et al 2005).
Women in the supplement group received 125 mg soy extract daily (providing 50 mg
isoflavones including 24 mg genistein and 21.5 mg daidzein), 1,500 mg evening
primrose oil extract (providing 150 mg gamma linoleic acid), 100 mg Actaea
racemosa L. extract (providing 8 mg deoxyacetein), 200 mg calcium, 1.25 ug vitamin
D, and 10 IU vitamin E, whereas the women in the placebo group received 2000 mg
olive oil daily.

Commission E has approved the use of this herb as a treatment for menopausal
symptoms (Blumenthal et al 2000). Similarly, the World Health Organization (WHO)
recognises its use for the ‘treatment of climacteric symptoms such as hot flushes,
profuse sweating, sleeping disorders and nervous irritability’. The North American
Menopause Society recommends black cohosh, in conjunction with lifestyle ap-
proaches, as a treatment option for women with mild menopause-related symptoms
(2004).

PREMENSTRUAL SYNDROME AND DYSMENORRHOEA

Although no clinical studies are available, the pharmacological activity of the herb
suggests that it may be useful. Commission E has approved the use of black cohosh
as a treatment in these conditions (Blumenthal et al 2000).

OTHER USES

Black cohosh has been used traditionally to treat a variety of female reproductive
disorders, inflammation, diarrhoea and rheumatism. It has also been used to promote
menstruation. The British Herbal Pharmacopoeia states it is indicated in ovarian ‘
dysfunction and ovarian insufficiency. Rl
MENSTRUAL MIGRAINE

A RCT of 49 women with menstrual migraines tested placebo against a herbal

combination consisting of 60 mg soy isoflavones, 100 mg dong quai, and 50 mg

black cohosh, with each component standardised to its primary alkaloid (Burke et al

2002). Over the course of the study, the average frequency of menstrually associated

migraine episodes was significantly reduced in the active treatment group.

DOSAGE RANGE
e Decoction or powdered root: 0.3-2 g three times daily.
e Tincture (1:10): 2-4 mL three times daily.
e Fluid extract (1:1) (g/mL): 0.3-2 mL three times daily.
Many practitign'ers have used black cohosh long term without se’n‘ety concerns; Black cohosh 135
however, Commission E does not recommend more than 6 months’ continuous use.
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TOXICITY
Overdose has produced nausea and vomiting, vertigo and visual disturbances.

IDIOSYNCRATIC HEPATIC REACTIONS

In February 2006 the TGA announced that based on the appraisal of case reports, a
causal association between black cohosh and serious hepatitis exists; however, the
incidence is very low considering its widespread use. As a result, products available in
Australia containing black cohosh will have to carry label warnings informing
consumers of the risk by 2007.

The conclusion made by the TGA is considered controversial by some experts
because numerous confounding factors were present in many of the case reports,
such as the use of multiple ingredient preparations, concurrent use of at least one
pharmaceutical medicine and the presence of other medical conditions.

ADVERSE REACTIONS

Although large doses are reported to produce dizziness, headache, tremors or
giddiness in some people, gastrointestinal disturbances and rashes are the most
common adverse effects, according to data from clinical studies and spontaneous
reporting programs (Huntley & Ernst 2003). The adverse effects tend to be rare, mild
and reversible.

SIGNIFICANT INTERACTIONS
None known.

CONTRAINDICATIONS AND PRECAUTIONS

Results from a 2002 study testing the safety of black cohosh in an in vitro model for
oestrogen-dependent breast tumours found that the herbal extract significantly
inhibited tumour cell proliferation, oestrogen-induced proliferation and enhanced the
antiproliferative effects of tamoxifen (Bodinet & Freudenstein 2002). It is suggested
that black cohosh only be used under professional supervision for treatment of
oestrogen-dependent tumours or during pregnancy.

PREGNANCY USE
@ Although it has been used to assist in childbirth, black cohosh is not recommended in

pregnancy.

PRACTICE POINTS/PATIENT COUNSELLING

e Several clinical trials have tested black cohosh in menopause and generally found it
to be an effective symptom reliever.

o |t appears that 4-12 weeks’ continuous treatment are required for adequate Black cohosh 136
menopausal symptom relief.
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e Black cohosh is also used in the treatment of premenstrual syndrome and
dysmenorrhea and is Commission E-approved for these uses; however, controlled
studies are not available to confirm efficacy.

e There is some evidence suggesting black cohosh exerts selective oestrogen receptor
modulator activity, serotonergic activity and possibly dopaminergic activity.

e Black cohosh should be only used under professional supervision for treatment of
oestrogen-dependent tumours or during pregnancy.

e Black cohosh is well tolerated; however, rare case reports of idiosyncratic hepatic
reactions have been described.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Black cohosh has been well tested and shown to be an effective treatment for
menopausal symptoms in most women, especially those with mild to moderate
symptoms. It may also be useful in the treatment of premenstrual syndrome and
prevention of period cramping.

When will it start to work?

Studies suggest that benefits are seen within 4-12 weeks’ for the treatment of
menopausal symptoms.

Are there any safety issues?

Black cohosh should only be used under professional supervision for treatment of
oestrogen-dependent tumours or during pregnancy.

REFERENCES "

Beck V et al. Comparison of hormonal activity (estrogen, androgen and progestin) of standardized plant Calondaie (}y}; inales. £
extracts for large scale use in hormone replacement therapy. J Steroid Biochem Mol Biol 84.2-3 (2003): 259- L o _
68.

Blumenthal M, Goldberg A, Brinckmann J (eds). Herbal Medicine: Expanded Commission E Monographs.
Austin, TX: Integrative Medicine Communications, 2000.

Bodinet C, Freudenstein J. Influence of Cimicifuga racemosa on the proliferation of estrogen receptor-positive
human breast cancer cells. Breast Cancer Res Treat 76.1 (2002): 1-10.

Borrelli F, Ernst E. Cimicifuga racemosa: a systematic review of its clinical efficacy. Eur J Clin Pharmacol. 58
(2002): 235-41.

Burdette JE et al. Black cohosh acts as a mixed competitive ligand and partial agonist of the serotonin receptor.
J Agric Food Chem 51.19 (2003): 5661-70.

Burke BE, Olson RD, Cusack BJ. Randomized, controlled trial of phytoestrogen in the prophylactic treatment of
menstrual migraine. Biomed Pharmacother 56.6 (2002): 283-8.

Duker EM et al. Effects of extracts from Cimicifuga racemosa on gonadotropin release in menopausal women
and ovariectomized rats. Planta Med 57.5 (1991): 420-4.

Einer-Jensen N et al. Cimicifuga and Melbrosia lack oestrogenic effects in mice and rats. Maturitas 25.2 (1996):
149-53.

Frei-Kleiner S et al. Cimicifuga racemosa dried ethanolic extract in menopausal disorders: a double-blind
placebo-controlled clinical trial. Maturitas 51 (2005): 397-404.

Black cohosh 137

© 2007 Elsevier Australia



Genazzani E, Sorrentino L. Vascular action of actein: active constituent of Actaea racemosa L. Nature 194.4828 Tad. €
(1962): 544-5 (as cited in Micromedex Thomsen 2003. www.micromedex.com) i - 2 i
Gurley B et al. Assessing the clinical significance of botanical supplementation on human cytochrome P450 3A
activity: comparison of a milk thistle and black cohosh product to rifampin and clarithromycin. J Clin

Pharmacol 46 (2006): 201-13.

Hernandez MG, Pluchino S. Cimicifuga racemosa for the treatment of hot flushes in women surviving breast
cancer. Maturitas 44 Suppl 1 (2003): S59-65

Hirabayashi T et al. Inhibitory effect of ferulic acid and isoferulic acid on murine interleukin-8 production in
response to influenza virus infections in vitro and in vivo. Planta Med 61.3 (1995): 221-6 (as cited in
Micromedex Thomsen 2003. www.micromedex.com)

Huntley A, Ernst E. A systematic review of the safety of black cohosh. Menopause 10.1 (2003): 58-64.

Jacobson JS et al. Randomized trial of black cohosh for the treatment of hot flashes among women with a
history of breast cancer. J Clin Oncol 19.10 (2001): 2739-45.

Jarry H et al. In vitro effects of the Cimicifuga racemosa extract BNO 1055. Maturitas 44 Suppl 1 (2003): S31-
8

Kennelly EJ et al. Analysis of thirteen populations of black cohosh for formononetin. Phytomedicine 9.5
(2002): 461-7.

Kruse SO et al. Fukiic and piscidic acid esters from the rhizome of Cimicifuga racemosa and the in vitro
estrogenic activity of fukinolic acid. Planta Med 65.8 (1999): 763-4.

Lieberman S. A review of the effectiveness of Cimicifuga racemosa (black cohosh) for the symptoms of
menopause. ] Womens Health 7.5 (1998): 525-9.

Liu Z et al. Estrogenicity of black cohosh (Cimicifuga racemosa) and its effect on estrogen receptor level in
human breast cancer MCF-7 cells. Wei Sheng Yan Jiu 30.2 (2001): 77-80.

Lupu R et al. Black cohosh, a menopausal remedy, does not have estrogenic activity and does not promote
breast cancer cell growth. Int ] Oncol 23(5); 1407-12.

North American Menopause Society. Treatment of menopause-associated vasomotor symptoms: position
statement of The North American Menopause Society. Menopause 11 (2004): 11-33.

Seidlova-Wuttke D et al. Evidence for selective estrogen receptor modulator activity in a black cohosh
(Cimicifuga racemosa) extract: comparison with estradiol-17beta. Eur J Endocrinol 149 (2003): 351-62.

Uebelhack R et al. Black cohosh and St John’s wort for climacteric complaints: A randomized trial. Obstet 2
Gynecol 107 (2006): 247-55. - R i

Verh?elven MO et al. Effect of a combination of isoflavones and Actaea racemosa Linnaeus on climacteric L['i/“{”& '(/yz e
symptoms in healthy symptomatic perimenopausal women: a 12-week randomized, placebo-controlled,
double-blind study. Menopause 12 (2005): 412-20.

Wauttke W, Seidlova-Wuttke D, Gorkow C. The Cimicifuga preparation BNO 1055 vs conjugated estrogens in a
double-blind placebo-controlled study: effects on menopause symptoms and bone markers. Maturitas 44
Suppl 1 (2003): S67-77.

Zierau O et al. Antiestrogenic activities of Cimicifuga racemosa extracts. ] Steroid Biochem Mol Biol 80.1
(2002): 125-30.

Black cohosh 138

© 2007 Elsevier Australia



Historical note Brahmi is the Sanskrit name for the herb Bacopa monniera
and has been used in Ayurvedic medicine as a nerve tonic since time
immemorial. Under this system, B. monniera is classified under ‘Medhya
rasayana’, that is, medicinal plants rejuvenating intellect and memory. The
ancient classical Ayurvedic treatises recommend it for the promotion of memory,
intelligence and general performance. Over time it has earned a reputation as an
important brain tonic (Williamson 2002).

COMNMON NAME
Brahmi

OTHER NAMES
Bacopa, jalanimba, jalnaveri, sambrani chettu, thyme-leave gratiola

Centella asiatica (gotu kola) and Merremia gangetica have also been referred to
by the name brahmi but most authorities associate brahmi with Bacopa monniera

BOTANICAL NAME/FAMILY
Bacopa monniera (family Scrophulariaceae)

PLANT PARTS USED
Dried whole plant or herb, mainly leaves and stems (aerial parts)

CHEMICAL COMPONENTS

Dammarene-type saponins (bacosides and bacosaponins, based on the bacogenins
A1-A5, are considered the most important) and alkaloids (brahmine, herpestine and
flavonoids).

MAIN ACTIONS

The mechanism of action of brahmi has not been significantly investigated in clinical

studies, so results from in vitro and animal tests provide most of the evidence. Some

studies have investigated the effects of an Ayurvedic herbal combination known as

brahmi rasayan, which consists of 10 parts bacopa, 2 parts cloves, 1 part cardamom,

1 part Piper longum and 40 parts sucrose.

ANTIOXIDANT

Brahmi has potent antioxidant activity, which appears to be a result of both direct Brahmi 139
free-radical scavenging activity and increasing the activity of endogenous antioxidant
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systems (Bhattacharya et al 2000, Tripathi et al 1996). Administration of bacoside A
reduced the effects of cigarette smoke in an animal model by increasing lactate
dehydrogenase and its isoenzymes (Anbarasi et al 2005). Bacoside A has also been
shown to reduce creatine kinase in brain and cardiac tissue, thus preventing smoking
induced damage (Anbarasi et al 2005). An extract of brahmi provided protection
against DNA damage in both animal cells (Russo et al 2003a) and human cells (Russo
et al 2003b) in vitro. Dose-related increases in superoxide dismutase, catalase and
glutathione peroxidase activities in several important regions of the brain has been
demonstrated in animal models (Bhattacharya et al 2000). Additionally, brahmi
induces increased activity of superoxide dismutase and catalase in the liver (Kar et al
2002).

COGNITIVE ACTIVATOR

Both antioxidant and anticholinesterase activity have been demonstrated in vivo and
suggested as the mechanisms responsible for cognitive activation (Das et al 2002).
Results from a double-blind placebo-controlled trial using brahmi (300 mg/day)
support this view, as one of the major effects seen was on speed of early information
processing, a function predominantly modulated by the cholinergic system (Stough et
al 2001).

REDUCTION IN BETA-AMYLOID LEVELS

Bacopa extract significantly reduced beta-amyloid levels when administered prior to
beta-amyloid deposition in a study using an Alzheimer’s dementia animal model
(Dhanasekaran et al 2004).

ANTIDEPRESSANT ACTIVITY

A rodent model of depression found that an extract of brahmi produced significant
antidepressant activity comparable to that of imipramine after 5 days of oral
administration (Sairam et al 2002).

ANTIULCER EFFECTS

Although no clinical studies are available, one study using an animal model of aspirin-

induced gastric ulceration has identified significant antiulcer activity for the fresh juice

from the whole plant of Bacopa monniera (Rao et al 2000). The study found that

brahmi had a beneficial influence on the natural mucosal defensive factors, such as

enhanced mucin secretion, mucosal glycoprotein production and decreased cell

shedding, thereby reducing ulceration (Rao et al 2000). A follow-up in vivo study in

various gastric ulcer models further confirmed brahmi’s ability to increase the body’s Brahmi 140
natural defence factors and showed that B. monniera is effective for both the
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prophylaxis and treatment of gastric ulcers (Sairam et al 2001). In addition, brahmi
was shown to reduce lipid peroxidation. An in vitro study demonstrated that B.
monniera significantly inhibited Helicobacter pylori and the effect was comparable to
that of bismuth subcitrate, a known H. pylori growth inhibitor (Goel et al 2003).

ANTI-INFLAMMATORY EFFECTS

An ethanolic extract of B. monniera exhibited marked anti-inflammatory activity
against carrageenan-induced paw oedema in mice and rats (Channa et al 2005). The
effect was mediated via PGE, inhibition and found to be comparable to aspirin.
Bacopa has also exhibited anti-inflammatory activity comparable to indomethacin
without causing an associated gastric irritation (Jain et al 1994). Several constituents
are thought to be responsible for the anti-inflammatory action, chiefly the triterpene,
betulinic acid but also saponins and flavonoids.

OTHER ACTIONS

ADAPTOGEN
A standardised extract of B. monniera possesses adaptogenic effects in an animal
model, which were found to be comparable to Panax quinquefolium (Rai et al 2003).

ANTINOCICEPTIVE ACTIVITY

Brahmi rasayan (see under MAIN ACTIONS) has demonstrated antinociceptive activity
in animal experiments (Shukia et al 1987). An interaction with the GABA-ergic system
is believed to be involved. Although encouraging, it is not certain to what extent
brahmi was responsible for these results.

MAST-CELL STABILISATION | ey
The methanolic fraction of brahmi exhibits potent mast-cell-stabilising activity in vitro,

which was found to be comparable to that of disodium cromoglycate (Samiulla et al

2001).

INCREASED THYROID HORMONE LEVELS
Results from animal experiments have found that brahmi increases T, concentrations
by 41% without enhancing hepatic lipid peroxidation (Kar et al 2002).

ANTISPASMODIC EFFECT ON SMOOTH MUSCLE

A spasmolytic effect on smooth muscle has been demonstrated in vivo, and is

predominantly due to inhibition of calcium influx into the cell (Dar & Channa 1999).

More recent studies have also shown bronchodilatory effects, most likely due to the

same mechanism (Channa et al 2003). Brahmi 141
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CLINICAL USE

Brahmi has not been significantly investigated in clinical studies, so information is
generally derived from in vitro and animal studies and traditional evidence, and is still
largely speculative.

Clinical note — Scientific investigation of Ayurvedic medicines in India
Modern-day interest in many Ayurvedic herbs, such as brahmi, really started in 1951
when the then Prime Minister of India set up the Central Drug Research centre in
Lucknow. The goal of this initiative was to encourage scientists to investigate many
of the traditional Ayurvedic herbs in a scientific way, and to determine their
potential as contemporary drugs or as potential sources for newer drugs.

IMPROVING COGNITIVE FUNCTION — LEARNING, MEMORY, INTELLIGENCE
In Ayurvedic medicine, bacopa is used to improve cognitive function and increase
intelligence. Over time it has developed an excellent reputation, prompting scientific
researchers to investigate the activity of bacopa more closely.

To date, results from animal studies are encouraging. Oral administration of
brahmi extract (40 mg/kg) for at least 3 days produced positive effects on learning
skills, memory and reaction times compared with controls in one learning model
(Singh & Dhawan 1982). Another study found that bacopa extract significantly
reversed the cognitive impairment induced by the antiepileptic drug phenytoin,
without affecting its anticonvulsant activity (Vohora et al 2000). More recent animal
studies have shown that bacopa attenuates scopolamine-induced dementia and
significantly inhibits acetylcholinesterase activity in vitro (Das et al 2002). Studies ) b
indicate that bacosides A and B present in the ethanolic extract are responsible for the L~ 7 i
cognition facilitating effects (Russo 2005).

Clinical studies have generally produced encouraging results. A double-blind
placebo-controlled trial using a dose of 300 mg bacopa over 12 weeks in 46 healthy
volunteers found that it significantly improved the speed of visual information
processing, learning rate and memory consolidation and that it has a significant
anxiolytic effect (Stough et al 2001). Another study of the same design tested brahmi
in 76 adults over 3 months (Roodenrys et al 2002); significant improvements in a test
for new information retention was observed, but there were no changes in the rate of
learning. Results from a double-blind placebo-controlled trial involving 38 healthy
subjects suggest that cognitive activator effects may require long-term use and are
not evident after single-dose administration (Nathan et al 2001). However, results
from a double-blind, placebo-controlled study using a product (Blackmore’s Ginkgo Brahmi 142
Brahmi) containing both Bacopa monniera (300 mg) and Ginkgo biloba (120 mg) in
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healthy subjects failed to show any significant differences in memory, attention,
comprehension, learning or motor responsiveness after 4 weeks (Nathan et al 2004).

ANXIETY

A placebo-controlled randomised study of healthy subjects found that 300 mg of
brahmi daily reduced anxiety compared with placebo, an effect most pronounced
after 12 weeks of treatment (Stough et al 2001).

OTHER USES

TRADITIONAL USES

Bacopa has been traditionally used as a brain tonic and is commonly recommended
to improve memory and heighten learning capacity. It is also used as a nerve tonic to
treat anxiety, nervous exhaustion or debility and is prescribed to enhance rehabili-
tation after any injury causing nervous deficit, such as stroke. Other traditional uses
include promoting longevity, and treating diarrhoea and asthma. It is used as an anti-
inflammatory, analgesic, anxiolytic and antiepileptic agent with some support for
these uses provided by in vitro and in vivo studies.

IRRITABLE BOWEL SYNDROME

An Ayurvedic herbal combination consisting of Aegle marmelos correa and Bacopa
monniera successfully treated 65% of patients with irritable bowel syndrome (IBS)
under double-blind randomised conditions (Yadav et al 1989). Herbal treatment was
particularly useful in the diarrhoea-predominant form of IBS, compared with the
placebo. Follow-up reviews 6 months after the trial found that relapse rates were the ‘ .
same among all test subjects. Although encouraging, it is not certain to what extent &Mm; Officinalis. £
brahmi was responsible for these results. —

DOSAGE RANGE
e Dried aerial parts of herb: 5-10 g/day.
e Fluid extract (1:2) or equivalent oral dose form: 5-13 mL/day in divided doses.
ACCORDING TO CLINICAL STUDIES
o Cognitive activator effects: 300 mg/day.

Positive results obtained in one controlled study have found 3 months’ use is
required before clinical effects are observed (Stough et al 2001).

TOXICITY
The LDy data for an ethanolic extract of bacopa is 17 g/kg (oral) (Mills & Bone 2005).

ADVERSE REACTIONS Brahmi 143
Insufficient reliable information available.
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SIGNIFICANT INTERACTIONS

Controlled studies are not available, so interactions are based on evidence of activity

and are largely theoretical and speculative.

CHOLINERGIC DRUGS

Cholinergic activity has been identified for brahmi, therefore increased drug activity is
theoretically possible — observe patient, although a beneficial interaction is possible

under professional supervision.

CONTRAINDICATIONS AND PRECAUTIONS
Caution is advised in hyperthyroidism — bacopa has been shown to significantly
elevate Ty levels in vivo.

PREGNANCY USE
Insufficient reliable information available.

PRACTICE POINTS/PATIENT COUNSELLING

e Brahmiis an Ayurvedic herb that has been used for several thousand years as a
brain tonic, to enhance intellect, treat psychiatric illness, epilepsy, insomnia and as
a mild sedative.

e Evidence of cognitive activator activity from animal models of learning is positive
and clinical studies have produced generally encouraging results.

e Brahmi has potent antioxidant activity, which appears to be a result of both direct
free-radical scavenging activity and increasing endogenous antioxidant systems in
the brain and liver.

e Anticholinesterase, antidepressant, antiulcer, antispasmodic, anti-inflammatory
and antinociceptive activity has been demonstrated in animal studies. Elevated T,
levels have also been observed.

e Overall, large controlled studies are not available to determine the clinical
significance of these effects.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Brahmi has a long history of use as a brain tonic. Results from scientific studies

suggest that it may enhance memory and cognitive function and reduce anxiety with

long-term use.

When will it start to work?

Studies suggest that 12 weeks' continual use is required for benefits on cognitive

function to become apparent. Brahmi 144
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Are there any safety issues?
Information from traditional sources suggests that brahmi is well tolerated at the
usual therapeutic doses, but scientific investigation has yet to establish safety and
whether drug interactions exist.
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Calcium

BACKGROUND AND RELEVANT PHARMACOKINETICS

Calcium found in the diet or in commercially made supplements exists as a salt form,
from which calcium must be released for absorption to occur. Adequate hydrochloric
acid levels are required to make soluble the majority of these calcium ions, whereas
any unabsorbed calcium entering the higher pH environment of the small intestine is
more likely to be precipitated and rendered insoluble (Wahlgvist et al 2002). Low or
moderate calcium intakes are absorbed via active transport mechanisms that are
influenced by vitamin D. When intake is high, active transport mechanisms become
saturated, leading to greater passive absorption. Although most absorption occurs in
the small intestine, the large intestine may also be responsible for up to 4% of
absorption and provides compensatory mechanisms for those individuals with
compromised small intestine absorption (Groff & Groper 2000).

Calcium’s bioavailability from both food and supplements shows enormous
variation, from 4 to 45% (Recker 1985) and is dramatically influenced by other foods
present in the gastrointestinal tract. Phytates, oxalates, all types of fibres, unabsorbed
dietary fatty acids and other divalent minerals all potentially compromise its
absorption, while lactose (especially in children) and other sugars, as well as protein
and the presence of vitamin D all enhance uptake (Groff & Groper 2000).

Distribution results in 99% of absorbed calcium being deposited in bones. The I )
remainder of the absorbed calcium is present in teeth and the intracellular or L*M/aéz Gfecinales. 2 |
extracellular fluids. Calcium is excreted in faeces, sweat and urine. Calcium - -
homeostasis is tightly regulated by the actions of parathyroid hormone (PTH),
calcitonin and vitamin D. Together these hormones determine the level of absorption,
excretion or retention by the kidneys, and sequestering or mobilisation of stores
through bone mineralisation and resorption.

FOOD SOURCES

Good dietary sources of calcium include dairy products, fish with bones, especially
salmon and sardines, tofu, broccoli, collard greens, mustard greens, bok choy, clams
and black strap molasses.

DEFICIENCY SIGNS AND SYMPTOMS

While there is little information available about the prevalence of deficiency across the

general Australian population, a Melbourne study of 1045 women aged 20-92 years

in 2000 revealed that approximately 76% of women consumed calcium at levels less
© 2007 Elsevier Australia
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than the RDI and an additional 14% demonstrated a grossly inadequate intake of
<300 mg/day (Pasco et al 2000). These figures are similar to those obtained by larger
studies in the United States (Groff & Groper 2000).

Tetany: muscle pain, spasms and paraesthesias.

Rickets.

Osteomalacia.

Increased neuromuscular irritability.

Altered heart rate.

Ambulatory developmental delays in children.

Osteoporosis and increased risk of fractures.

Bone pain and deformity.

Tooth discolouration and increased decay.

Hypertension.

Increased risk of pre-eclampsia.

Increased risk of colon cancer (controversial).

There are many situations and conditions in which the risk of hypocalcaemia may
be increased.

PRIMARY DEFICIENCY

Primary deficiency occurs as a result of inadequate dietary intake. Populations with
increased calcium requirements are at greater risk of deficiency when intakes are not
modified to meet their increased needs; these include children, adolescents, pregnant
and lactating women, postmenopausal women, particularly those taking HRT

(Wabhlquist et al 2002), people experiencing rapid weight loss or patients receiving Y ;',,,;,/,J« 7
TPN. (e g S—

SECONDARY DEFICIENCY

Calcium absorption is impaired in achlorhydria, intestinal inflammation and any
malabsorptive disorder accompanied by steatorrhoea (Wilson et al 1991). Increased
faecal loss of calcium occurs with higher intakes of fibre and in fat malabsorption,
while renal excretion has been shown in some studies to be increased in those
patients ingesting a high protein diet (Kerstetter et al 1998).

Factors that compromise vitamin D status or activity will also affect calcium status
(Pattanaungkul et al 2000, Prince et al 1997).

Other conditions that can predispose to hypocalcaemia include
hypoparathyroidism (a deficiency in or absence of PTH), idiopathic
hypoparathyroidism (an uncommon condition in which the parathyroid glands are Calcium 148
absent or atrophied), pseudohypoparathyroidism (characterised not by deficiency of
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PTH, but by target organ resistance to its action), renal tubular disease, renal failure,
magnesium depletion, acute pancreatitis, hypoproteinaemia, septic shock or the use
of certain medicines such as anticonvulsants (phenytoin, phenobarbital) and rifampin,
and both oral and inhaled corticosteroids, which alter vitamin D metabolism (Beers et
al 2003, Rossi et al 2005).

MAIN ACTIONS

Calcium is an essential mineral required for the proper functioning of numerous
intracellular and extracellular processes, including muscle contraction, nerve conduc-
tion, beating of the heart, hormone release, blood coagulation, energy production
and maintenance of immune function. It also plays a role in intracellular signalling
and is involved in the regulation of many enzymes.

BONE AND TEETH MINERALISATION

Calcium is found in bone where it is mainly complexed with other ions in the form of
hydroxyapatite crystals. Approximately 1% of calcium in bone can be freely
exchanged into the extracellular fluid in order to buffer changes in calcium balance.

MUSCLE CONTRACTION

lonised serum calcium helps to initiate both smooth and skeletal muscle contraction
and in particular, the regulation of rhythmic contraction of the heart muscle in
combination with sodium and potassium.

BLOOD CLOTTING
Calcium is involved in several steps of the blood clotting cascade. ‘ .
ALTERED MEMBRANE FUNCTIONS s isinioed N

Calcium fluxes across membranes, both within the cell and across the plasma
membrane, and acts as a vehicle for the signal transduction necessary for
neurotransmitter and hormone function. It also selectively alters cell wall permeability
to regulate passage of fluids in and out of cells.

OTHER ACTIONS
Regulates various enzyme systems responsible for muscle contraction, fat digestion
and protein metabolism.

CLINICAL USE

Many of the clinical uses of calcium supplements are conditions thought to arise from

a gross or marginal deficiency, but some indications are based on the concept of

high-dose calcium supplements as a therapeutic agent. Calcium 149
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CALCIUM DEFICIENCY

Traditionally, calcium supplementation has been used to treat deficiency or prevent
deficiency in high-risk conditions or people with increased calcium requirements such
as pregnant women. Acute severe hypocalcaemic states are treated initially with IV
infusion of calcium salts. In chronic cases, oral calcium supplements and occasionally
vitamin D supplements are used.

Rickets and osteomalacia A deficiency of either calcium or vitamin D can produce
these bone disorders. (See Vitamin D monograph for further information.)

Infants The percentage and type of fats within an infant formula and their ability to
bind calcium salts and increase excretion has been shown to influence the bone
mineral content (BMC) of infants. One hundred 8-week-old infants given formulas
considered to be more similar to breastmilk and less likely to form calcium soaps in
the gut showed increased BMC after only 1 month’s treatment compared with those
infants on standard formula (Kennedy et al 1999).

BONE MINERAL DENSITY (BMD) AND OSTEOPOROSIS PROPHYLAXIS

Children A 2006 Cochrane review of 19 trials including 2859 participants found
there was no effect of calcium supplementation on femoral neck or lumbar spine
BMD (Winzenberg et al 2006). There was a small effect on total body BMC and upper
limb BMD; however, only the effect in the upper limb persisted after supplementation
ceased. The effect is approximately equivalent to a 1.7% greater increase in
supplemented groups, which at best would reduce absolute fracture risk in children
by 0.1-0.2% annually. Additionally, there was no evidence of effect modification by
baseline calcium intake, sex, ethnicity, physical activity or pubertal stage.
Adolescents Peak bone mass is one of the main determinants of osteoporotic
fracture in humans and therefore there is significant research dedicated to deter-
mining the influence of calcium status on the 40-50% peak bone mass accretion that
occurs during adolescence. Overall, studies in adolescent girls have shown that
calcium supplementation significantly improves bone mineral status. Numerous
studies, including one by Stear in 2003 of 144 pubertal girls, have confirmed a
synergistic relationship between mechanical load, through physical activity, calcium
status and bone calcium accumulation; however, it is important to note that physical
activity has a positive effect on BMD only at high calcium intakes, with no effect at
calcium intakes <1000 mg/day (Harkness & Bonny 2005).

Until recently, all clinical trials with calcium supplements in children and
adolescents, demonstrating a positive effect on bone mass, were conducted over
durations of 1-3 years. As such, it is uncertain whether supplementation and
resultant increases in bone mass had a beneficial effect in the long-term. A 2005

© 2007 Elsevier Australia
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placebo-controlled study addressed this issue by using calcium supplements

(670 mg/day) over a 7-year period. The study of 354 pubertal girls reported
significant increases in BMD during growth spurts in the supplemented group;
however, these gains did not uniformly persist into late adolescence and only girls of
tall stature received long-lasting benefits. Interestingly, the placebo group exhibited a
‘catch-up’ in bone mineral accretion subsequent to the pubertal growth spurt
(Matkovic et al 2005). These results introduce two novel concepts: the first being that
dietary calcium requirement for skeletal development may be size dependent and
secondly the possibility that a calcium mineral deficit may be a transient feature of the
pubertal growth spurt, with a ‘catch-up’ possible during bone consolidation. In spite
of these findings, the temporary gains in BMD may be important in the prevention of
fractures during adolescence (Matkovic et al 2005).

A second study introduces other issues regarding the impact of variable calcium
status in adolescents. The randomised, double-blind, placebo controlled study of 144
prepubertal girls used 850 mg/day of calcium over 1 year. After follow-up some
7 years later, in addition to positive effects on BMD outcomes, an inverse relationship
became apparent between calcium supplementation and the age of menarche. The
authors consequently speculate that higher calcium intake prior to menarche may
favourably impact on long-term BMD through this dual mechanism (Chevalley et al
2005).

Postmenopausal women Numerous studies have confirmed an important role for
calcium in the prevention of osteoporosis in postmenopausal women. Clinical studies
have assessed its efficacy as a sole agent against placebo, in comparison with steroid . ! ‘
hormones, antiresorptive drugs and as part of combination therapy. gl it ] =

Long-term calcium supplementation protects against bone loss according to a 2-
year study involving 60 postmenopausal, non-osteoporotic women. The trial showed
that in comparison with the 3% BMD loss evident in the placebo group, those
consuming 1633 mg/day on average of supplemental calcium suffered no bone loss,
as measured at the greater trochanter, and in fact their BMD improved at other sites
tested (Storm et al 1998). A similar trend was demonstrated by Daniele et al (2004) in
their study of 120 women, given only 500 mg of calcium and 200 IU of vitamin D per
day over 30 months. In general though, the efficacy of calcium supplements in
postmenopausal women appears to be largely dependent upon the baseline calcium
intake. Those with an initial poor intake tend to achieve significant improvements
over placebo, with more modest or no effect evident in groups with higher intakes at
baseline (Daniele et al 2004, Fardellone et al 1998). Calcium 151
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Whether calcium supplements are sufficient as a stand-alone preventative
measure against osteoporosis is still being investigated. The results of one study
suggest that the effects of calcium on BMD may require additional supplementation
with the trace minerals zinc, manganese and copper (Strause et al 1994). However,
the most impressive results obtained to date are for the combination of high-dose
calcium with antiresorptive drugs such as oestrogen or calcitonin. A review of these
studies highlights the gain in bone mass that resulted from the addition of calcium in
contrast to the halt in BMD depletion commonly observed with use of calcitonin
alone (Nieves et al 1998).

Other studies of both male (n = 50) and female (n = 200) populations using a
combination of fluoride, as monofluorophosphate, and calcium over a 3—4-year
period, found this combination to be superior to calcium alone in the prevention of
BMD loss. Increased lumbar spine BMD and reduced risk of fractures was evident in
both trials using the two minerals (Ringe et al 1998, Reginster et al 1998).

The elderly A number of large studies investigating the preventative effect of
calcium alone or in combination with vitamin D have produced mixed results in the
elderly. Earlier studies by Chapuy et al (1992, 1994, 2002) and Dawson Hughes et al
(1997) demonstrated a significant reduction in risk of fracture in the elderly, and
Larsen et al in 2004 demonstrated up to 16% reduction in an open-label, 3-year
intervention in 9605 community dwelling elderly people. However, the RECORD Trial
in 2005 failed to yield positive results. It was a randomised, placebo-controlled trial of
5292 people aged 70 years or older who received either 1000 mg of calcium or

800 IU of vitamin D/day, alone or together, for 24-62 months (The RECORD Trial . 5 N
group 2005). The authors postulate that improved results in previous studies may be ~ L~““““ Vit ] =
due to the increased age (>80 years) of study volunteers and poorer vitamin D status

at baseline.

Glucocorticoid-induced osteoporosis Approximately one in six people with

asthma receiving inhaled and/or systemic glucocorticoids developed fractures over

5 years. The interaction with calcium plays a small role in this process, with

glucocorticoids directly inhibiting vitamin D mediated intestinal absorption of

calcium. High vitamin D doses (50,000 IU twice weekly) in combination with 1.5 g

calcium daily can overcome this interference (Wilson et al 1991), whereas a

randomised study found that treatment with calcium alone or in combination with

etidronate may not be effective. That study of 352 volunteers found that treatment

for 5 years did not significantly reduce fracture rate (Campbell et al 2004).
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SUPPLEMENTATION DURING PREGNANCY AND LACTATION

Calcium is considered a critical nutrient during pregnancy with at least a twofold
increase in requirements observed. Its metabolism during gestation significantly
changes from as early as 12 weeks, with doubling of both absorption and excretion,
followed by additional losses through lactation, which can account for reductions in
maternal bone mineral content of 3—-10% (Prentice 2003). While it is clear that
general supplementation would be necessary in those women with poor precon-
ception calcium levels, it is suggested that for healthy women the metabolic
compensation evident in pregnancy should be sufficient to guarantee adequate fetal
levels.

Prevention of pre-eclampsia Epidemiological evidence illustrates an inverse
relationship between calcium status and the prevalence of pre-eclampsia (Frederick et
al 2005, Lopez-Jaramillo et al 2001) and recent studies confirm abnormalities in
markers of calcium metabolism and status in a pre-eclamptic population compared to
controls, including low urinary and serum calcium levels (Ingec et al 2006, Sukonpan
& Phupong 2005). Trials that included a 1996 meta-analysis of studies involving
calcium and hypertension in pregnancy have shown a substantial mean reduction in
both SBP and DBP, which was also confirmed by more recent reviews (Atallah et al
2002, Bucher et al 1996).

Positive correlations demonstrated in original smaller trials between calcium
supplementation and reduced prevalence of pre-eclampsia, involving over 400
women, were put into question when the Calcium for Prevention of Pre-eclampsia
study (CPEP), the largest trial to date, found no effect on the incidence or severity of i h
the condition (Levine et al 1997). However, the CPEP study, involving over 4000 L’“‘M" et L
healthy nulliparous women, is not a replication of the existing trials. While the
original studies used populations with a low calcium intake to ascertain the
connection between correction of this deficiency and prevalence of pre-eclampsia,
this more recent trial represented a ‘pharmacological intervention in women with a
normal calcium intake’ (Lopez-Jaramillo et al 2001). Further reviews of all the
evidence have supported calcium'’s preventative role and researchers have concluded
that calcium supplementation should be recommended for those women with a low
calcium intake who are at risk of developing gestational hypertension (Crowther et al
1999, Hofmeyr et al 2003).

A 2003 review of calcium and the prevention of pre-eclampsia concluded that
while considerable evidence from observational and experimental studies links
calcium intake and hypertension during pregnancy, there is currently no satisfactory Calcium 153
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explanation of the mechanisms (Villar et al 2003). One possible explanation may be
the antagonistic relationship between calcium and lead (Sowers et al 2002).

A small number of studies have investigated the effects of calcium in combination
with other nutrients, including antioxidant and omega-3 oils in this population. One
randomised, placebo-controlled, double-blind study involving a sample of 48
primigravidas, using a combination of 600 mg/day calcium and 450 mg/day of
conjugated linoleic acid (CLA) from weeks 18-22 until delivery, resulted in a
significantly reduced incidence of pregnancy-induced hypertension (8% vs 42% of the
control group) (Herrera et al 2005). Further studies are warranted to elicit the
individual impact of both nutrients and to determine the superiority of sole or
combination treatment.

Leg cramps Calcium supplements are commonly prescribed in pregnancy when leg
cramps are a problem. A Cochrane review of five trials involving 352 women taking
various supplements for the treatment of leg cramps in pregnancy included only one
placebo-controlled trial of calcium. From this, researchers concluded that any
improvement in cramps in those groups treated solely with calcium was likely due to
a placebo effect, with significant findings limited to the groups taking other nutrients
(Young & Jewell 2002).

Fetal growth The greatest period of fetal mineral accretion has been identified as
the gestational period of 20-33 weeks, with daily needs escalating from 50 mg/day
to 330 mg/day at its peak. The average newborn contains about 20-30 g calcium,
and one study of 256 women in their second trimester showed that supplementation
in women with poor calcium status significantly increased neonatal bone mineral . ! ‘
content, as determined by X-ray absorptiometry measurements at 1 week postpartum L~ ““““ Vit ] =
(Koo et al 1999). However, the full relationship between maternal calcium intake and

fetal growth, particularly in non-deficient women, has yet to be elucidated (Prentice

2003). One suggested effect of gestational mineral intake has been the determination

of calcium concentration in the mother’s breastmilk, while it has been established

that this concentration is not the result of calcium intake postpartum (Prentice et al

1999).

Lead toxicity Increased blood lead levels are commonly a result of bone resorption

during pregnancy and are considered a potential risk to fetal and infant health. Lead

can be transferred to the fetus and infant via cord blood and breastmilk. Several

studies suggest a low placental barrier to lead, with 79% of the mobilised lead from

maternal bone passed to the infant (Dorea & Donangelo 2005). While a number of

studies have indicated lead levels in the breastmilk of Australian women appear to be Calcium 154
well within a safe range, recent data from a study conducted by Ettinger et al
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revealed that even low lead content in human milk appears to be highly influential on
the lead levels of infants in their first month of life (2004). A separate review
published in 2005 discussed additional related trends such as increased lead
concentrations in cord blood during winter months, because of lower vitamin D
status (Dorea 2004).

ARCT of 617 lactating women supplemented with high-dose calcium carbonate
found that the women in the calcium group showed significant reductions in blood
lead levels. Those subjects who showed improved compliance and also had baseline
higher bone lead content produced an overall reduction of 16.4% (Hernandez-Avila
et al 2003). Similar positive findings came from a study in Mexico of 367 lactating
women; however, the maximal reduction in lead concentrations reached only 10%
(Ettinger et al 2006). Nevertheless, when considered together these results suggest
that calcium supplementation may represent an important interventional strategy,
albeit with a modest effect, for reducing infant lead exposure.

Neonatal benefits Calcium supplementation during pregnancy has been postu-
lated to have prolonged benefits in the offspring, as indicated in a study of nearly 600
children aged 5-9 years whose mothers had previously participated in a calcium trial
during their pregnancy. The children demonstrated reduced SBP, compared with the
children whose mothers had taken placebo, with significance reached particularly for
those in the upper BMI bracket (Belizan et al 1997).

DYSPEPSIA

A first-line OTC treatment for heartburn, indigestion and dyspepsia has often been an ‘ .
antacid based on calcium carbonate in combination with magnesium and aluminum um&, Offfcinalic.
salts. Calcium in combination with the other ingredients reduces stomach acid and —
increases the rate of gastric emptying (Vatier et al 1996). In trials comparing H,
blockers with calcium carbonate tablets, calcium was found to be equipotent, yet
delivered a more rapid response and shorter duration of action (Feldman 1996).
There have been many papers highlighting the dangers of prolonged use of these
traditional antacids; however, pure calcium carbonate formulas attract the least
concern, with the incidence of ‘milk alkali syndrome’ resulting from their over use
reported to be rare (Ching & Lam 1994, Herzog & Holtermuller 1982).

PREVENTION OF COLORECTAL CANCER

High dietary intake of calcium has demonstrated a reasonably consistent risk

reduction of between 15% and 40% for colorectal cancer. Clear parameters for

dosing are not yet available, with some studies showing no further benefit above Calcium 155
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700-800 mg/day of total calcium, while other studies suggest an ongoing inverse
dose-dependent relationship without cut-off (Schatzkin & Peters 2004).

A 2005 Cochrane review examining the effect of supplementary calcium on the
incidence of colorectal cancer and the incidence or recurrence of adenomatous polyps
included two double-blind, placebo-controlled trials with a pooled population of
1346 subjects. The doses of supplementary elemental calcium used were
1200-2000 mg/day for 3—4 years. The reviewers concluded that while the evidence to
date appears promising and suggests a moderate degree of prevention against
colorectal adenomatous polyps, more research with similar findings is required before
this can be translated into any preventative protocol (Weingarten et al 2005).

Not included in the Cochrane review was a multicentre, placebo-controlled
randomised study assessing the independent and joint effects of calcium supplemen-
tation and vitamin D status on adenoma recurrence in 803 subjects. Interestingly only
those subjects with baseline vitamin D levels above the median (29.1 mg/mL)
experienced a risk reduction with calcium supplementation (RR 0.71). Similarly, high
vitamin D status was not independently associated with risk reduction, but was
protective in combination with calcium supplementation (Grau et al 2003). These
findings are suggestive of a synergistic action between the nutrients. Earlier
hypotheses regarding the action of calcium in this role focused on calcium’s ability to
bind bowel-irritating substances secreted into bile. This notion is further supported by
a number of studies demonstrating enhanced chemoprotection when high doses of
calcium have been combined with dietary factors such as reduced fat and increased
carbohydrate, fibre and fluid intakes (Hyman et al 1998, Rozen et al 2001, Schatzkin . X 4
& Peters 2004). LMM" e

One significant development in our understanding has been the discovery of
human parathyroid calcium-sensing receptors in the human colon epithelium, which
function to regulate epithelial proliferation and differentiation. New in vitro studies
suggest that expression of these receptors may be induced by the presence of
extracelullar calcium and vitamin D, therefore promoting greater differentiation of the
epithelial cells (Chakrabarty et al 2005) and inducing apoptosis (Miller et al 2005).

The emerging evidence to date for a combined role of calcium, either dietary or
supplemental, and vitamin D is strong and further elucidation of the independent and
combined effects of these nutrients will assist in the development of preventative
protocols.

HYPERTENSION

A 2006 Cochrane review of 13 RCTs involving 485 volunteers found that when the

results of all trials were combined, calcium supplementation produced a statistically
© 2007 Elsevier Australia

Calcium 156



significant reduction in SBP (mean difference: =2.5 mmHg), but not DBP (mean
difference: -0.8 mmHg) compared with controls (Dickinson et al 2006). The authors
temper their conclusion by stating that the quality of included trials was poor and the
heterogeneity between trials means there is a tendency to overestimate the effects of
treatment. Earlier, an extensive systematic review, updated in 1999 to include 42
randomised comparative trials, shows modest reductions in both SBP and DBP

(-2 mmHg and -1 mmHg respectively) with 1-2 g/day calcium over a 4-14-week
intervention (Griffith et al 1999). Although dietary calcium appeared to have a larger
effect than supplementation, the difference was not statistically significant. The
clinical significance of these small effects has been questioned and the recommen-
dation of calcium as a therapy for all types of hypertension appears premature
(Kawano et al 1998). Some studies have proposed that it is only a particular subset of
hypertension that demonstrates the greatest improvement with calcium. A number of
researchers, for example, have hypothesised a physiological correlation between ‘salt
sensitive’ hypertension and responsiveness to calcium treatment (Coruzzi & Mossini
1997, Resnick 1999).

In recent years, ongoing international epidemiological data have continued to link
low dietary calcium intake with a slightly increased risk of hypertension, such as the
study by Geleijnse et al published in 2005. A recent prospective cohort study of 5880
Spanish adults free from hypertension and CVD at baseline found that with a 27-
month follow-up period, low-fat, but not full-fat, dairy products could be found to be
protective (Alonso et al 2005).

Additional findings that are attracting attention include epidemiologic links . ! ‘
between markers of low calcium status or calcium metabolism abnormalities, LMM" e
hypertension and insulin resistance. In support of the possible link between these
phenomena are the results of a Japanese study of 34 non-diabetic hypertensive and
34 non-diabetic normotensive women. Multiple assessments of the group revealed
statistically significant increased urinary calcium, lower BMD, depressed serum
calcium and elevated circulating PTH in the hypertensive sample (Gotoh et al 2005).

With another study implicating high serum calcium as an independent indicator of
both increased coronary heart disease risk and its severity (Rasouli & Mohseni Kiasari
2006), it is clear that whatever calcium’s relationship to cardiovascular disease, it is a
complex one and more research with consistent findings is required before any
conclusions can be drawn.

PREMENSTRUAL SYNDROME
Of all the vitamins and minerals used in the treatment of PMS, calcium supplements
show overwhelmingly positive results.

© 2007 Elsevier Australia
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One of the earliest trials to show that calcium supplementation can alleviate
symptoms in PMS was conducted in 1989 (Thys-Jacobs et al 1989). A randomised,
double-blind crossover trial involving 33 women with confirmed PMS compared the
effects of daily 1000 mg calcium carbonate with placebo over 6 months. Results
showed that 73% of women reported improved symptoms while taking calcium
supplementation whereas 15% preferred placebo. The premenstrual symptoms
responding significantly to calcium supplementation were mood changes, water
retention and premenstrual pain. Menstrual pain was also significantly alleviated.

In 1993, the American Journal of Obstetrics and Gynecology published a study
that compared the effects of calcium (587 mg or 1336 mg) and manganese (1.0 mg
or 5.6 mg) on menstrual symptoms. Ten women with normal menstrual cycles were
observed over four 39-day periods during the trial (Penland & Johnson 1993). The
researchers found that increasing calcium intake reduced mood, concentration and
behavioural symptoms generally and reduced water retention during the
premenstrual phase. Additionally, menstrual pain was reduced.

A more recent large, double-blind, placebo-controlled, randomised parallel-group
study was conducted in the United States and supports the previous findings (Thys-
Jacobs et al 1998). Four hundred and sixty-six premenopausal women with confirmed
moderate to severe PMS were randomly assigned to receive either 1200 mg elemental
calcium (from calcium carbonate) or placebo for three menstrual cycles. Symptoms
were documented daily by the subjects based on 17 core symptoms and 4 symptom
factors (negative affect, water retention, food cravings and pain). Additionally,
adverse effects and compliance were monitored daily. During the luteal phases of . ! ‘
both the second and third treatment cycles, a significantly lower mean symptom gl it ] =
score was observed in the calcium group. By the third treatment cycle, calcium
treatment resulted in a 48% reduction in total symptom score compared with
baseline, whereas placebo achieved a 30% reduction. Furthermore, all four symptom
factors responded in the calcium treated group.

A 1999 review of multiple trials investigating calcium supplementation as an
effective therapy for PMS has found overwhelming positive results (Ward & Holiman
1999).

Some researchers in this area have hypothesised that part of the PMS aetiology lies
in calcium dysregulation in the luteal phase and have highlighted the dramatic
similarities between symptoms of PMS and hypocalcaemia (Thys-Jacobs 2000).

Recent data from the Nurses Health Study Il support this theory, with evidence of low
calcium and vitamin D levels in PMS populations when compared to controls Calcium 158
(Bertone-Johnson et al 2005).
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WEIGHT LOSS

A review by Teegarden (2003) was one of the most substantial early contributions to
the hypothesis regarding calcium’s role in accelerating weight loss. The review
brought together a broad range of trials dating back 10 years to the original findings
demonstrated on hypertensive rats. In an updated review published in 2005, while
acknowledging the promising data that has emerged over the intervening 2 years,
Teegarden notes that the current body of evidence has a number of limitations and
flaws that need to be addressed before the full extent of calcium’s effect on weight
loss can be determined.

Although the underlying mechanism of action remains unclear, there is general
acceptance that high calcium intake depresses PTH levels and 1,25(0OH),D, which in
turn decreases intracellular calcium, thereby potentially inhibiting lipogenesis and
stimulating lipolysis within the cells (McCarty & Thomas 2003, Schrager 2005, Zemel
et al 2004). Additional proposed actions include increased rates of faecal fat and
energy excretion (14.2 g/day vs 5.9 g/day and 1045 kJ/day vs 684 kJ/day), as observed
in a preliminary study of 10 subjects, during a 1-week high-calcium and normal
protein diet (1800 mg/day and 15% of total energy intake, respectively) (Jacobsen et
al 2005). Interestingly, these increased losses were not evident when high calcium
and protein intake was combined (23%).

One prolific researcher in this area is Zemel (2004, Zemel et al 2004, 20053, b),
who has published three small trials investigating the effects of dietary and
supplemental calcium in patients for weight maintenance or weight loss. These trials
have consistently yielded positive results, demonstrating that in addition to enhanced i 5
weight loss on isocaloric and identical macronutrient profiles, with or without energy L’“‘M" e
restriction, a diet providing high calcium levels of 1100-1200 mg/day results in
central fat loss and corresponding improvements in blood pressure, insulin sensitivity
and retention of lean tissue. Australian researchers Bowen et al have also demon-
strated similar results (2004).

Zemel et al conclude that dietary calcium and, in particular, dairy based foods are
the most effective form of calcium for weight loss and that results are significant
within 12 weeks.

In stark contrast to this, there have been a number of studies reporting negative
results. A trial of isocaloric energy restricted diets in 54 overweight subjects with
either low or high calcium intake from dairy products found that over 12 months
there was no significant difference in weight loss between the two groups (Harvey-

Berino et al 2005). Other studies incorporating calcium supplements of 1000 mg/day Calcium 159
yielded negative results over 3 25-week periods in pre- and postmenopausal women
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(Shapses et al 2004), as did a longitudinal study of dietary habits in adolescents
(Berkey et al 2005).

Finally caution is being encouraged by many authorities who are keen to remind
researchers that epidemiological data have positively linked high dairy diets with a
range of other conditions, most notably prostate cancer (Lanou 2005).

NEPHROLITHIASIS

In spite of previous concerns regarding a causal relationship between dietary or
supplemental calcium intake and the recurrence of oxalate stones, recent studies
demonstrate that this fear is unfounded. A study comprised 120 men who
experienced recurrent calcium oxalate stones as a sequel to idiopathic hypercalcuria
and who were randomly assigned to either a low-calcium diet or low-animal-protein,
low-salt normal-calcium diet and assessed for changes in frequency of stone
formation. Results clearly showed reduced oxalate excretion in those on a normal
calcium intake, as well as a greater decrease in calcium oxalate saturation (Borghi et al
2002).

In another study of 14 healthy men, assessment of the influence of dietary calcium
on the given amount of oxalate demonstrated that with the inclusion of additional
calcium (1121 mg) urinary oxalate levels did not increase, while they did in the
control group (Hess et al 1998). The view is that, rather than being a contributing
factor for oxalate stones, dietary calcium, through its binding of oxalate in the gut,
can minimise recurrence, and this is substantiated by other studies (Curhan et al
1997, Liebman & Chai 1997). A preventative role for supplemental calcium remains

less clear. | Gttt ffeinatic. <
OTHER USES

HYPERLIPIDAEMIA

In a randomised, placebo-controlled crossover trial of 56 patients with
mild-moderate hypercholesterolaemia on a controlled low cholesterol diet, calcium
carbonate supplementation was shown to significantly reduce LDL levels by 4.4%,
with additional 4.1% increases in HDL levels. No other effects on other blood lipids or
blood pressure were observed (Bell et al 1992).

DRY EYE

A controlled double-masked study of petrolatum ointment containing 10% w/w
calcium carbonate applied on the lower lid twice daily for 3 months resulted in
significant improvements in all criteria assessed. However, significance over placebo
was only found in ocular surface staining, therefore determination of the action of

Calcium 160
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petrolatum needs to be established and controlled for in future studies to identify the __ : : Fad 58
therapeutic value of calcium (Tsubota et al 1999). ' o

FLUOROSIS
Calcium has been shown to reduce the clinical manifestations of fluorosis in children
exposed to contaminated water (Gupta et al 1996).

DOSAGE RANGE

AUSTRALIAN RDIS
e Infants
1-3 years: 500 mg/day.
4-8 years: 700 mg/day.
e Children
9-11 years: 1000 mg/day.
12-18 years: 1300 mg/day.
e Adults
<70 years: 1000 mg/day.
>70 years: 1300 mg/day.
e Pregnancy: 1000-1300 mg/day.
e Lactation: 1000-1300 mg/day.

ACCORDING TO CLINICAL STUDIES

e Osteoporosis prophylaxis: 1500 mg/day in combination with accessory nutrients
(e.g. zinc, manganese, copper and fluoride, HRT or antiresorptive drugs). . :
Premenstrual syndrome: 1200-1600 mg/day. um(&, Oficinalss. =
Prevention of pre-eclampsia: 2000 mg/day. =
Increased BMD in children with low intake: 100 mg/day.

Supplementation during pregnancy to increase mineral accretion in fetus:
2000 mg/day for last trimester.

Allergic rhinitis: 100 mg/day.

Hyperacidity: 500-1500 mg/day as required.

Hyperlipidaemia: 400 mg three times daily.

Hypertension: 1000-2000 mg/day.

Dry eye: 10% w/w calcium carbonate in petrolatum base applied twice daily.
Fluorosis in children: 250 mg/day.

Prevention of colorectal cancer: 1200 mg/day.

Weight loss: 1000 mg/day.

Calcium 161
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ADVERSE REACTIONS

Oral administration of calcium supplements may cause gastrointestinal irritation,
constipation and flatulence.

Hypercalcaemia Increased serum calcium may be associated with anorexia,
nausea and vomiting, constipation, hypotonia, depression and occasionally lethargy
and coma. Prolonged hypercalcaemic states, especially if associated with normal or
elevated serum phosphate, can precipitate ectopic calcification of blood vessels,
connective tissues around joints, gastric mucosa, cornea and renal tissue (Wilson et al
1991).

SIGNIFICANT INTERACTIONS

Calcium carbonate when taken as an antacid alters the absorption and excretion of a
wide range of drugs. Please refer to a drug interaction guide for specific concerns.
Only those interactions encountered with oral administration of calcium supplements
will be included in this section.

ZINC

Calcium supplementation has been shown in some studies to increase faecal losses of
zinc (McKenna et al 1997) — ensure adequate zinc intake and monitor for signs and
symptoms of deficiency.

MAGNESIUM
Magnesium decreases calcium absorption as they compete for the same absorption
pathway — separate doses by at least 2 hours.

PHOSPHORUS

Colonduda Oficinalis. 277 |

Excess intake (soft drinks, meat consumption) can increase urinary excretion of
calcium — ensure adequate calcium intake and monitor for signs and symptoms of
deficiency.

CAFFEINE

Caffeine increases urinary excretion of calcium — ensure adequate calcium intake and
monitor for signs and symptoms of deficiency.

EXCESS DIETARY FAT

This increases urinary excretion of calcium — ensure adequate calcium intake and
monitor for signs and symptoms of deficiency.

EXCESS FIBRE, INCLUDING GUAR GUM

May simply delay or decrease absorption of calcium — separate doses by at least Calcium 162

2 hours.
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CARDIAC GLYCOSIDES

@ Administered concurrently, high-dose calcium supplements can act synergistically
with these drugs, which may induce arrythmias and potentiate their toxicity — use
this combination with caution.

CALCIUM-CHANNEL BLOCKERS

@ Calcium supplements can have an antagonistic effect on the desired action of calcium
channel blockers that could precipitate the re-emergence of arrythmias — avoid high-
dose supplements unless under professional supervision.

TETRACYCLINES

Calcium supplements form complexes with these antibiotics and render 50% or more
insoluble, therefore reducing the efficacy of the drug and absorption of calcium —
separate doses by at least 2 hours.

THIAZIDE DIURETICS

These diuretics decrease urinary excretion of calcium. Monitor serum calcium and
look for signs of hypercalcaemia, such as anorexia, polydipsia, polyuria, constipation
and muscle hypertonia when using high-dose calcium supplements. Contributing risk
factors are the presence of hyperparathyroidism or concurrent use of vitamin D.

CORTICOSTEROIDS

Both oral and long-term inhaled corticosteroids inhibit vitamin-D-mediated calcium
absorption: overall levels of calcium may be decreased — ensure adequate calcium
intake and monitor for signs and symptoms of deficiency. Consider supplementation " .
with long-term drug therapy. um(&; Gficinalic L

-
OESTROGEN AND PROGESTERONE
Calcium supplementation in combination with these hormones will have an additive
effect on minimising bone resorption in postmenopausal women — potential
beneficial interaction, so consider increasing intake.
ALENDRONATE
Calcium causes decreased absorption of this drug. However, as calcium supplemen-
tation is a fundamental adjuvant to the prevention of BMD loss, supplementation
should still be encouraged — separate doses by at least 2 hours.
ETIDRONATE
Calcium may reduce drug absorption; however, adequate calcium is required for
optimal drug effects — separate doses by at least 2 hours. Calcium 163
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LEVOTHYROXINE
Calcium administered concurrently may reduce drug absorption — separate doses by
at least 4 hours.

LYSINE
Additive effects may occur as lysine enhances intestinal absorption and reduces renal
excretion of calcium — potentially beneficial interaction.

CONTRAINDICATIONS AND PRECAUTIONS

People with hyperparathyroidism or chronic kidney disease should only take calcium
supplements under medical supervision. Calcium supplementation is contraindicated
in hypercalcaemia.

PREGNANCY USE
Many trials have established the safety of calcium supplementation during pregnancy
in doses up to 2000 mg elemental calcium per day.

PRACTICE POINTS/PATIENT COUNSELLING

e Calcium is an essential mineral required for the proper functioning of numerous
intracellular and extracellular processes, including muscle contraction, nerve
conduction, beating of the heart, hormone release, blood coagulation, energy
production and maintenance of immune function.

e Low calcium states are associated with several serious diseases such as colorectal
cancer, osteoporosis types | and Il, hypertension, pre-eclampsia and eclampsia.

e Although supplementation is traditionally used to correct or avoid deficiency states,
research has also shown a role in the prevention of osteoporosis, pre-eclampsia um(&; Gficinalic L
and management of numerous disease states (e.g. PMS).

e Calcium can interact with numerous drugs and should be used with caution by
people with renal disease or hyperparathyroid conditions.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

Calcium is essential for health and wellbeing. Although used to prevent or treat

deficiency states, and primarily associated with BMD, it is also beneficial in a wide

range of conditions such as prevention of pre-eclampsia, some forms of hypertension,

maintenance of fetal growth, treatment of lead toxicity and PMS. It is considered to

be a critical nutrient in pregnancy.

When will it start to work?

This will depend on the indication it is being used to treat; however, in most instances Calcium 164
long-term administration is required (i.e. months to years).
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Are there any safety issues?

In very high doses, calcium supplements can cause some side-effects, including
constipation, but generally calcium is considered very safe and has a wide therapeutic
range. High-dose supplements should not be used by people taking some medi-
cations. (See SIGNIFICANT INTERACTIONS above for specific information.)
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Calendula

Historical note Calendula is indigenous to Eastern Europe and the
Mediterranean where its medicinal value has been respected since ancient times.
Calendula was popular in Ancient Greece and in earlier Indian and Arabic
cultures. It has been a common garden plant since the 12th century and it is
mentioned in several older herbals. The name calendula comes from the Latin
calends, meaning the first day of the month, referring to the plant’s near
continual flowering habit.

COMMON NAME
Marigold

OTHER NAMES
Pot or garden marigold, gold-bloom, holligold.

Field marigold (Calendula arvensis) is also used medicinally for the same
indications because it has similar constituents.

BOTANICAL NAME/FAMILY
Calendula officinalis (family Asteraceae [Compositae or Daisy])

PLANT PARTS USED

The flowers are primarily used, but the stems, younger leaves, seeds and roots all have | . o 7
.. . Corlondela (}yz‘m,}/m_, )
medicinal properties. L : ; _J

CHEMICAL COMPONENTS
The major constituents are triterpene saponins (2-10%) based on oleanolic acid and
flavonols (3-0-glycosides of isorhamnetin and quercetin), including astraglin,
hyperoside, isoqueritrin and rutin, as well as the carotenoids flavoxanthin and
auroxanthin (Bako et al 2002). The triterpendiol esters faradiol laurate, faradiol
myristate and faradiol palmitate have been identified as the major active compounds,
which are also used as marker compounds for standardisation of calendula extracts
(Hamburger et al 2003, Zitterl-Eglseer et al 2001). The terpenoids faradiol, amidiol
and calenduladiol have been shown to have anti-inflammatory activity (Neukirch et al
2005).

Other constitgents ?nclude e;sential oil, sesquiterpenes, including caryophy!lene, Calendula 170
and triterpenes, including amyrins, lupeol and lupenone. Calendula also contains
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polysaccharides (WHO 2003), as well as minerals such as calcium, sodium, potassium,
magnesium, iron, copper and manganese (Ahmed et al 2003).

MAIN ACTIONS

ANTIMICROBIAL

Hydro-alcoholic extracts have been shown to have antibacterial, antiviral and
antifungal activities. The in vitro antifungal activity of calendula flower extracts has
been investigated against Aspergillus niger, Rhizopus japonicum, Candida albicans, C.
tropicalis and Rhodotorula glutinis. Calendula extract showed a high degree of
activity against all fungi and the inhibitory effect was comparable to that of standard
antifungals (Kasiram et al 2000). A flower extract has been shown to inhibit
trichomonas. The oxygenated terpenes are thought to be the main active compounds
(Gracza & Szasz 1968, Samochowiec et al 1979). A 70% hydro-alcoholic extract
demonstrated virucidal activity against influenza virus and suppressed the growth of
HSV (Bogdanova et al 1970). Calendula flower extract has also been shown to
possess anti-HIV activity in vitro (Kalvatchev et al 1997).

PROMOTES WOUND HEALING

An ointment containing 5% calendula flower extract, as well as an ointment
containing two different fractions of calendula extract combined with allantoin, has
been shown to stimulate physiological regeneration and epithelisation in experimen-
tally induced surgical wounds. The effect is thought to be due to more intensive
metabolism of glycoproteins, nucleoproteins and collagen proteins during regener-
ation of the tissues (Klouchek-Popova et al 1982). A combination of calendula, . . ‘
Actium lappa and Geranium robertianum has been shown to improve healing of i utasiaie ] |
ulceration in 52 patients suffering herpetic keratitis compared with treatment with

acyclovir alone (Corina et al 1999).

ANTI-INFLAMMATORY

Anti-inflammatory activity has been demonstrated in several animal models.
Pretreatment with an 80% hydro-alcoholic extract reduced carrageenan-induced rat
paw oedema at a dose of 100 mg extract/kg. Endomethacin 5 mg/kg was shown to
be 4-fold more potent in the same experiment (Mascolo et al 1987). Both a 70%
hydro-alcoholic extract and a CO,-extract have been shown to inhibit experimentally
induced inflammation and oedema. The triterpenoids were shown to be the main
active anti-inflammatory compounds, with the faradiol monoester appearing to be
the most relevant compound due to its quantitative prevalence (Della et al 1994). A
freeze-dried extract of calendula was found to suppress both the inflammatory effect
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and leukocyte infiltration in an inflammatory model induced by the simultaneous
injection of carrageenan and PGE (Shipochliev et al 1981).

OTHER ACTIONS

REDUCES OEDEMA

Oral administration of a triterpene-containing fraction prevented the development of
ascites and increased survival time compared with controls in mice inoculated with a
carcinoma (Boucaud-Maitre et al 1988). The main triterpendiol esters of calendula,
the faradiol esters, have been shown to possess anti-oedema activity by inhibiting
croton oil-induced oedema of the mouse ear (Zitterl-Eglseer et al 1997).

IMMUNOMODULATION

Isolated polysaccharides have been shown to stimulate phagocytosis of human
granulocytes (Varljen et al 1989, Wagner et al 1985). A 70% ethanol extract of
calendula was shown to completely inhibit the proliferation of lymphocytes in the
presence of phytohaemagglutinin in vitro (Amirghofran et al 2000).

ANTIOXIDANT
Calendula has free radical scavenging and antioxidant activity, with aqueous extracts
having greater activity than methanolic extracts and antioxidant activity being related
to the total phenolic content and flavonoid content (Cetkovic et al 2004).

The butanolic fraction of a calendula extract has been shown to reduce superoxide
and hydroxyl radicals, suggesting a free radical scavenging effect. Lipid peroxidation
in liver microsomes is also reduced (Cordova et al 2002). Isorhamnetin glycosides

isolated from calendula have been shown to inhibit the activity of lipo-oxygenase Lf:im(‘.«!;( Offcinalsis. £ |
(Bezakova et al 1996). — =
HYPOGLYCAEMIC ACTIVITY

A methanolic extract and its butanol-soluble fraction have been found to have
hypoglycaemic and gastroprotective effects and to slow gastric emptying. From the
butanol-soluble fraction, four new triterpene oligoglycosides, calendasaponins A, B, C
and D, were isolated, together with eight known saponins, seven known flavonol
glycosides, and a known sesquiterpene glucoside. Their structures were elucidated on
the basis of chemical and physicochemical evidence. The principal saponin constitu-
ents, glycosides A, B, C, D and F, exhibited potent inhibitory effects on an increase in
serum glucose levels in glucose-loaded rats, gastric emptying in mice, and ethanol
and indomethacin-induced gastric lesions in rats (Yoshikawa et al 2001).
Calendula 172
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HYPOLIPIDAEMIC ACTIVITY
Oral administration of an isolated saponin fraction has been shown to reduce serum
lipid levels in hyperlipidaemic rats (ESCOP 1996).

HEPATOPROTECTIVE

Calendula extracts have been shown to have hepatoprotective effects on rat
hepatocytes both in vitro and in vivo (Barajas-Farias et al 2006, Rusu et al 2005), with
cytotoxic and genotoxic effects being evident at very high doses (Barajas-Farias et al
2006, Perez-Carreon et al 2002).

CLINICAL USE

Calendula is generally used in the treatment of inflammatory skin disorders or
inflammation of the mucosa and as an aid to wound healing (Blumenthal et al 2000,
ESCOP 1996). It is used both internally and topically for a variety of indications.

WOUNDS AND BURNS

Historically, calendula flower preparations have been used to accelerate the healing of
wounds, burns, bruises, grazes and minor skin infections. In recent times, it has been
investigated for its effects on wound healing in a variety of experimental models and
clinical studies as either a stand-alone topical treatment or in combination with other
ingredients.

In a RCT involving 254 patients treated with adjuvant radiotherapy for breast
cancer, topical treatment with calendula to the irradiated skin was found to be
significantly more effective than trolamine in reducing acute dermatitis, with patients
receiving calendula having less frequent interruption of radiotherapy and significantly | 5
reduced radiation-induced pain (Pommier et al 2004). In another controlled trial L“‘M" et L
involving 34 patients with venous leg ulcers, a calendula extract applied twice daily
for 3 weeks was found to produce a statistically significant acceleration in healing
compared to a saline solution (Duran et al 2005).

Calendula ointment (8%, 1:10 tincture in 70% alcohol) is a useful adjuvant
treatment during cosmetic surgery, according to a study of 19 cleft lip patients with
discoloured scar tissue. Pretreatment with the calendula ointment under a gauze
dressing every evening for 1 month improved the results of dermatography, a refined
tattooing technique used to improve the appearance of scars (Van der Velden & Van
der Dussen 1995). Another clinical study used a mixture of chlorhexidine acetate and
a 2% calendula extract as a haemostatic aerosol, producing good results (Garg &

Sharma 1992).

A larger, open, randomised parallel study of 156 patients in four burn centres in Calendula 173

France compared the effects of three different topical ointments (calendula, a
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proteolytic ointment and vaseline) on the management of second and third degree
burns. A thick layer of the test ointment was applied daily under a closed dressing
until grafting or spontaneous healing occurred and effectiveness was evaluated
between the 8th and 12th day of treatment. Failure was defined as the presence of
an eschar, local infection, premature treatment discontinuation or failure to complete
the study. A marginally significant difference in favour of calendula over vaseline was
observed and calendula was significantly better tolerated than the other treatments
(Lievre et al 1992).

Prophylactic treatment with calendula ointment has also been used successfully to
reduce the incidence and severity of bedsores in an open multicentre study. In other
studies, positive results have been demonstrated in the treatment of poor venous
return associated with ulcers, thrombophlebitis and other cutaneous changes such as
inflammation, cracks and eczema (Issac 1992).

In practice, calendula is sometimes used together with St John's wort for stronger
effects. The combination of Calendula arvensis (field marigold) and Hypericum
perforatum oils has been shown to improve the epithelial reconstruction of surgical
wounds in childbirth with caesarean section (Lavagna et al 2001).

Commission E approves the external use of calendula for poorly healing wounds
and leg ulcers (Blumenthal et al 2000).

GASTROINTESTINAL INFLAMMATORY DISORDERS

An oral mixture of Symphytum officinalis (comfrey) and calendula was beneficial in
the treatment of duodenal ulcers and gastroduodenitis according to a study involving ‘ .
170 patients. Of these, 137 were treated with the herbal combination and 33 also um&, Offpcinalis. &
received an antacid. A dramatic 90% of treated patients became pain free and 85% —
had a reduction in dyspeptic complaints. Gastric acidity showed a statistically
insignificant tendency to decrease in both groups. Gastroscopy later revealed that the
ulcers had healed in 90% of patients (Chakurski et al 1981). Interestingly, a smaller
study conducted by the same researchers involving only 32 patients with the same
condition failed to detect a beneficial effect (Matev et al 1981).

A further study by the same authors found another mixture containing calendula
to be beneficial in the treatment of chronic colitis. A combination of Taraxacum
officinale, Hypericum perforatum, Melissa officinalis, Calendula officinalis and
Foeniculum vulgare was shown to relieve the spontaneous and palpable pains along
the large intestine in over 95% of the patients (n = 24) by day 15 of treatment.
Defecation was normalised in patients with diarrhoea and constipated patients were
successfully treated with the addition of Rhamus frangula, Citrus aurantium and
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Carum carvi. The pathological admixtures in faeces disappeared (Chakurski et al
1981).

Although encouraging, the role of calendula as a stand-alone treatment is difficult
to determine from these studies.

GINGIVITIS
Calendula has been shown in an open, clinical study to be beneficial in the treatment
of chronic catarrhal gingivitis (Krazhan & Garazha 2001). Interestingly, calendula
extract failed to show any significant activity against common oral microorganisms in
a second study that tested it against the saliva and dental plague from 20 infants in
vitro (Modesto et al 2000); however, a homeopathic preparation of calendula has
been found to inhibit Streptococcus mutans (Giorgi et al 2004).

Commission E approves the internal and topical use of calendula flowers for
inflammation of the oral and pharyngeal mucosa (Blumenthal et al 2000).

OTHER USES

The British Herbal Pharmacopoeia recommends calendula for gastric and duodenal
ulcers, amenorrhoea, dysmenorrhoea and epistaxis (BHMA 1983). Topically it is
recommended for leg ulcers, varicose veins, haemorrhoids, eczema and proctitis. The
specific indications are for enlarged or inflamed lymphatic nodes, sebaceous cysts,
duodenal ulcers, and acute and chronic inflammatory skin conditions. Its styptic
activity makes it a popular topical treatment for bleeding.

DOSAGE RANGE
e Dried herb: 1-2 g as an infusion daily in divided doses.
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e Liquid extract (1:2): 15-30 mL/week for internal use or 1.5-4.5 mL/day in divided
doses. Dilute 1:3 for external application.

e Tincture (1:5): 0.3-1.2 mL three times daily.

e Calendula oil can be produced by steeping fresh flowers in vegetable oil for 1 week.
Strain before use.

TOXICITY

Calendula has low toxicity. No symptoms of toxicity were found after long-term

administration of a calendula extract in animal studies (Elias et al 1990, ESCOP 1996).

Calendula has also been found to be neither mutagenic nor carcinogenic (Elias et al

1990).

ADVERSE REACTIONS

Irritant dermatitis from calendula has been reported (Paulsen 2002, Reider et al 2001) Calendula 175

but is rare. Sesquiterpene lactones are the most important allergens present in
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Compositae species, but there are a few cases of sensitisation from a coumarin, a
sesquiterpene alcohol and a thiophene (Paulsen 2002).

A study of over 1000 patients randomly chosen from several different patch test
clinics identified only one who reacted to calendula (Bruynzeel et al 1992). Patch test
results need to be carefully interpreted because false positives can occur, as the
following case shows. A 35-year-old woman with recalcitrant atopic dermatitis, with
a positive patch-test reaction to Compositae mix, was told she was allergic to
calendula. However, it turned out that she followed a self-devised diet consisting
largely of food products of the Compositae family (which includes lettuces and
artichoke). On excluding these foods her skin condition improved quickly. This case
report underscores the difficulty in determining the relevance of positive patch tests,
and shows that thorough analysis of positive patch tests, by both patient and
physician, may reveal unexpected or less common sources of contact allergens
(Wintzen et al 2003).

SIGNIFICANT INTERACTIONS
Controlled studies are not available to assess the interaction potential of calendula.

CONTRAINDICATIONS AND PRECAUTIONS
Use with caution in patients with confirmed allergy to herbs or foods from the
Compositae family.

PREGNANCY USE
Insufficient reliable information available to assess safety.

PRACTICE POINTS/PATIENT COUNSELLING &m@ ffeinalis. <

_
e Calendula has antimicrobial and anti-inflammatory activity and promotes wound
healing.

e European text books recommend calendula for inflammation of the skin, poorly
healing wounds, bruises, boils, rashes, bed sores, dermatitis resulting from
chilblains, wound healing after amputations, cracked nipples during pregnancy
and lactation, acne, sunburns, burns and nappy rashes. Calendula is also indicated
for pharyngitis and tonsillitis (Bisset 1994, Bruneton 1999, Evans 2002, Issac
1992).
e There is some evidence from clinical trials that calendula may be beneficial in the
treatment of burns, wounds and gastrointestinal inflammation and ulceration.
e People who are sensitive or allergic to foods or plants from the Compositae family
should use calendula with caution. Calendula 176
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ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Calendula is used for inflammatory skin conditions, including poor wound healing,
burns and ulcers, due to its non-irritant, antiseptic and healing properties. Internally it
is used for inflammation and ulceration of the digestive tract.

When will it start to work?

Topical effects are quickly established and should improve with continuous use.
Internal use may take longer.

Are there any safety issues?

Although there have been some reports of allergic reactions to calendula, these are
very rare. Calendula is generally well tolerated by children and adults.
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Carnitine

BACKGROUND AND RELEVANT PHARMACOKINETICS

Carnitine was discovered in 1905, although its role in metabolism was only described
in the mid 1950s and deficiency symptoms outlined in 1972. Itis a trimethylated
amino acid, roughly similar in structure to choline, that is ingested through the diet
and also synthesised from lysine and methionine in the body. To do this, a large
number of cofactors are required, such as S-adenosyl methionine (SAMe), methion-
ine, magnesium, vitamins C, B6, B2, B3, iron, alpha-ketoglutarate and oxygen (Kelly
1998).

Dietary carnitine is absorbed in the intestine via a combination of active transport
and passive diffusion (Li et al 1992). Mucosal absorption is saturated at around 2 g
carnitine (Harper et al 1988). The bioavailability of carnitine is difficult to establish as
reports vary widely from 16-87% (Harper et al 1988, Rebouche & Chenard 1991).
Peak blood levels occur 3.5 hours after digestion and excretion is primarily via the
kidneys (Bach et al 1983).

CHEMICAL COMPONENTS

L-Carnitine is the form most commonly used. As the b form is not biologically active,
there is concern that it might interfere with the use of the L isomer by competitive
inhibition and thus cause t-carnitine deficiency (Tsoko et al 1995).

Clinical note — Acetyl-L-carnitine shows promise as a strong therapeutic L‘véwfaéa Qffpcinalis. & |
agent

Acetyl-L-carnitine, an ester form of L-carnitine, has also been researched for its use in
the treatment of Alzheimer’s disease (Brooks et al 1998, Pettegrew et al 1995, Sano
etal 1992, Thal et al 1996), depression in the elderly (Garzya 1990), diabetic
neuropathy (De Grandis & Minardi 2002), peripheral neuropathy (Onofrj et al
1995), prevention of neuropathy in chemotherapy (Bianchi et al 2005; Maestri et al
2005), fatigue in multiple sclerosis (Tomassini et al 2004), Peyronie’s disease
(Biagiotti & Cavallini 2001), degenerative cerebellar ataxia (Sorbi et al 2000) and
cognitive disturbances in chronic alcoholics (Tempesta et al 1990).

FOOD SOURCES
Red meat is the richest dietary source. Vegetarian sources include avocado and
tempeh (Hendler & Rorvik 2001). Human colostrum also contains carnitine (Wahlgvist
2002).
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DEFICIENCY SIGNS AND SYMPTOMS

L-Carnitine deficiency leads to an accumulation of free fatty acids in the cell

cytoplasm and of acyl-coenzyme A (CoA) in the mitochondria. This produces a toxic

effect and disturbs fatty acid use for energy production (Kletzmayr et al 1999).
Deficiency symptoms (Kelly 1998) include the following:

hypoglycaemia

progressive myasthenia

hypotonia

fatigue

cardiomyopathy

congestive heart failure

encephalopathy

hepatomegaly

neuromuscular disorders

failure to thrive in infants

muscle fatigue and cramps

myoglobinaemia following exercise.
Elevation of triglycerides may also occur due to the role of carnitine in fatty acid

metabolism.

PRIMARY DEFICIENCY

People at risk of primary deficiency are vegetarians, preterm infants and infants
receiving a carnitine-free formula, and those with an inherited functional defect.

Clinical note — Primary carnitine deficiency: an uncommon inherited umzér Gfecinales. 2 L 7 B
disorder

Primary carnitine deficiency is an uncommon inherited disorder, related to a
functional defect in plasma membrane carnitine transport in muscle and the
kidneys. These conditions have been classified as either systemic or myopathic
(Evangeliou & Vlassopoulos 2003, Matera et al 2003). Systemic carnitine deficiency
is reflected by low levels of carnitine in plasma and muscle and may result in
cardiomyopathy, skeletal myopathy, hypoglycaemia and hyperammonaemia
(Hendler & Rorvik 2001). Myopathic deficiency presents with normal plasma but low
muscle carnitine levels and is a defect of carnitine transport across the muscle cell
membrane (Winter et al 1987).
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SECONDARY DEFICIENCY

Secondary carnitine deficiency is associated with several inborn errors of metabolism

and acquired medical or iatrogenic conditions, such as the following (Evangeliou &

Vlassopoulos 2003):

e genetic defects of metabolism, including methylmalonic aciduria, cytochrome C
oxidase deficiency, fatty acyl-CoA dehydrogenase deficiency

e medications — patients taking valproate and the anti-HIV drug azidothymidine are
at risk

e dialysis — carnitine depletion in haemodialysis patients is caused by insufficient
carnitine synthesis and particularly by loss through the dialytic membranes. Many
studies have shown that L-carnitine supplementation leads to improvements in
several complications seen in uraemic patients, including cardiac complications,
impaired exercise and functional capacities, muscle symptoms, increased sympto-
matic intradialytic hypotension, and erythropoietin-resistant anaemia, normalising
the reduced carnitine palmitoyl transferase activity in red cells (Matera et al 2003)

e liver disease, which impairs the last stage of carnitine synthesis, resulting in
deficiencies in cardiac and skeletal muscle

e chronic renal failure and renal tubular disorders, in which excretion of carnitine
may be excessive

o intestinal resection

e coeliac disease — a case report exists of a 48-year-old man developing
encephalopathy due to carnitine deficiency as a result of coeliac disease (Karakoc et
al 2005). In patients with idiopathic dilated cardiomyopathy associated with i 5 ‘
coeliac disease a gluten-free diet has been shown to increase serum carnitine levels L’“‘M" Yranalis £ ) B
(Curione et al 2005)

e preterm neonates develop carnitine deficiency due to impaired proximal renal

tubule carnitine re-absorption and immature carnitine biosynthesis

hypopituitarism (Martindale 1999)

adrenal insufficiency (Hendler & Rorvik 2001)

advanced AIDS (Hendler & Rorvik 2001)

vitamin C deficiency (Hendler & Rorvik 2001)

other chronic conditions — diabetes mellitus, heart failure, Alzheimer’s disease.

MAIN ACTIONS
Carnitine is involved in a myriad of biochemical processes important for health and
wellbeing.
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CELLULAR ENERGY PRODUCTION

Carnitine assists the transport of fat across cell membranes in muscle tissue for use as
an energy source (Wahlqvist 2002). It is essential for mitochondrial fatty acid
oxidation, which is the primary fuel source for the heart and skeletal muscles and
therefore required for proper functioning (Evangeliou & Vlassopoulos 2003, Kelly
1998). This process is also required in order to maintain CoA levels.

IMPROVES BLOOD SUGAR CONTROL (IMPROVES INSULIN SENSITIVITY)
Administration of L-carnitine reduces insulin secretion and improves peripheral
glucose use (Grandi et al 1997) and tissue insulin sensitivity (Negro et al 1994).

CELLULAR FUNCTION AND INTEGRITY

Carnitine is involved in the protection of membrane structures, stabilising a
physiological CoA-sulfate hydrate/acetyl-CoA ratio, and reduction of lactate pro-
duction (Matera et al 2003).

OTHER ACTIONS

INCREASES MALE FERTILITY

Based on the high concentrations of L-carnitine in the epididymis, it has been
proposed that spermatozoa, which require beta oxidation for energy, may require
L-carnitine for proper maturation (Lenzi et al 1992). Human trials have found carnitine
therapy (2-3 g/day) to be effective in increasing semen quality, sperm concentration
and total and forward sperm motility, especially in groups with lower baseline levels
(Lenzi et al 2003). One trial also reported that improvements in sperm motility were
only observed in the presence of normal mitochondrial function, determined by
phospholipid hydroperoxide glutathione peroxidase levels (Garolla et al 2005).

ANTIOXIDANT

Carnitine acts as an antioxidant in the cell membrane, preventing protein oxidation
and pyruvate and lactate oxidative damage (Peluso et al 2000). In vitro studies
suggest a dose-dependent inhibition of lipid peroxidation of linoleic acid emulsion
superior to (alpha)-tocopherol. In addition, L-carnitine may have an effect on
superoxide anion radical scavenging, hydrogen peroxide scavenging, total reducing
power and metal chelating on ferrous ions activities (Gulcin 2005).

PREVENTS APOPTOSIS

In vitro and animal studies show that L-carnitine can prevent apoptosis of skeletal

muscle cells (Vescovo et al 2002). In patients with HIV it decreases numbers of CD4*

and CD8™ cells undergoing apoptosis, and significantly increases CD4* counts Carnitine 183
(Moretti et al 2002).
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NEUROPROTECTIVE

Animal studies have demonstrated a reduction in mortality and neuronal degener-
ation in experimentally induced neurotoxicity (Binienda et al 2004) and a reduction in
hypoglycaemia-induced neuronal damage (Hino et al 2005) in rats that were
pretreated with carnitine. In vitro studies suggest that the anti-apoptotic and
antioxidant actions of L-carnitine contribute to the neuroprotective effect (Ishii et al
2000, Tastekin et al 2005).

LIPID-LOWERING

The role of carnitine in fatty acid metabolism suggests a potential role in
hyperlipidaemia. Several studies have indicated that oral L-carnitine significantly
reduces lipoprotein-a levels; however, effects on other lipids are inconsistent. L-
Carnitine (2 g/day) significantly reduced serum lipoprotein-a levels in 77.8% of
subjects receiving active treatment after 12 weeks, according to one placebo-
controlled, double-blind randomised study. No significant change was observed in
other lipid parameters (Sirtori et al 2000). L.-Carnitine (2 g/day) was also shown to
significantly lower lipoprotein-a levels at 3 and 6 months in a double-blind placebo-
controlled trial of 94 hypercholesterolemic patients with newly diagnosed type 2
diabetes (Derosa et al 2003). In a trial of children with hyperlipidaemia, lipoprotein-a
levels were only reduced in those with type Il homozygotes and other lipid parameters
worsened (Gunes et al 2005). L-Carnitine has also been shown to decrease
apolipoprotein B levels in paediatric peritoneal dialysis patients (Kosan et al 2003). A
study of elderly people taking t-carnitine (2 g twice daily) demonstrated improve-
ments in total serum cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides,
apoproteins A1 and B at 30 days (Pistone et al 2003). Animal studies have also
suggested the potential for carnitine to lower triglyceride levels (Eskandari et al 2004);
however, clinical trials using oral doses in type 2 diabetes have indicated an increase
in triglycerides (Rahbar et al 2005). Further human trials are required to confirm
which population groups may benefit from carnitine supplementation.

CLINICAL USE

Carnitine supplementation may be administered as intravenous or oral doses. This

review will only focus on oral supplementation as this is the form generally used by

the public and available over the counter.

TREATMENT OF DEFICIENCY

L-Carnitine supplementation is traditionally used to treat or prevent deficiency. It is

indicated in primary L-carnitine deficiency and secondary deficiency due to inborn Carnitine 184

Cilondela (}y}l inales. £

© 2007 Elsevier Australia



errors of metabolism or haemodyalisis. L-Carnitine 50-200 mg/kg/day has been
shown to normalise plasma carnitine levels within 10 days (Campos et al 1993).
Apnoea of prematurity Preterm neonates develop carnitine deficiency due to
impaired proximal renal tubule carnitine re-absorption and immature carnitine
biosynthesis (Evangeliou & Vlassopoulos 2003) and are at risk of developing apnoea
of prematurity. Despite a promising preliminary study, a blinded, randomised,
placebo-controlled study found that infants who received supplemental carnitine did
not demonstrate any reduction in apnoea of prematurity, days requiring ventilator or
nasal continuous positive airway pressure, or the need for supplemental oxygen
therapy (O'Donnell et al 2002). A recent Cochrane review was unable to locate
studies of significant quality to confirm any effects (Kumar et al 2004a). Further
studies are needed to determine the role of this treatment in clinical practice as
present evidence does not support its use (Kumar et al 2004b).

CARDIOVASCULAR DISEASE
L-Carnitine supplementation in doses ranging from 2 g to 4 g/day has been
investigated in a number of controlled studies involving subjects with angina, heart
failure, cardiogenic shock, cardiomyopathy and post myocardial infarction. Overall,
positive results have been obtained and reduced mortality reported for some
populations.
Chronic stable angina Controlled studies indicate that L-carnitine supplements
increase exercise tolerance and reduce frequency of angina attacks, enabling some
patients to reduce nitrate requirements. ‘ .
One RCT of 47 patients with chronic stable angina found that 2 g L-carnitine taken u,,,m, Offfcinalic.
daily for 3 months moderately improved the duration of exercise and the time taken —
for ST changes to recover to baseline (lyer et al 2000). This study confirmed the results
of an earlier multicentre, double-blind, randomised, placebo-controlled crossover trial
that examined the effects of L-carnitine 1 g twice daily for 4 weeks in 44 men with
stable chronic angina (Cherchi et al 1985). This study showed that active treatment
resulted in increased exercise tolerance and reduced ECG indices of ischaemia in
stable effort-induced angina. A meta-analysis also highlighted a significant reduction
in the number of angina attacks and nitrate requirements with doses of 2 g/day
(Fernandez & Proto 1992).
Post myocardial infarction A dose of 4 g/day L-carnitine over 12 months
improved quality of life and increased life expectancy in patients who had suffered a
MI, according to a controlled study (Davini et al 1992). This included an improvement
in heart rate, systolic arterial pressure, a decrease in anginal attacks, and improve-
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ment in the lipid profile. Changes were also accompanied by lower mortality in the
treated group (1.2% vs 12.5% in the control group).

In a randomised, double-blind placebo-controlled trial, the effects of oral
L-carnitine (2 g/day) for 28 days were assessed in patients with suspected acute M.
Total cardiac events, including cardiac deaths and non-fatal infarction, were 15.6% in
the carnitine group and 26.0% in the placebo group. Angina pectoris (17.6 vs
36.0%), New York Heart Association class Ill or IV heart failure plus left ventricular
enlargement (23.4 vs 36.0%) and total arrhythmias (13.7% vs 28.0%) were
significantly less in the carnitine group compared with placebo (Singh et al 1996).
Cardiomyopathy Cardiomyopathy appears to cause leakage of carnitine from
heart stores, which may make cardiac tissue vulnerable to damage; however, it is
unclear whether carnitine leakage is a cause or effect of cardiomyopathy (Baker et al
2005). Long-term placebo-controlled studies (10-54 months) using an oral dose of
2 g/day L-carnitine for treatment of heart failure caused by cardiomyopathy found a
statistically significant advantage in survival rates with carnitine treatment (Rizos
2000). In patients with idiopathic dilated cardiomyopathy associated with coeliac
disease, a gluten-free diet has been shown to increase serum carnitine levels (Curione
et al 2005).

Cardiogenic shock Several studies confirm the role of L-carnitine in the reversible
phase of cardiogenic shock in terms of enzymic protection in the course of cellular
oxidative damage. This has been reflected in improved survival rates (Corbucci &
Lettieri 1991, Corbucci & Loche 1993).

Congestive heart failure In congestive heart failure a specific myopathy second- . ! ‘
ary to myocyte apoptosis triggered by high levels of circulating TNF-alpha has been ~ L~“"“* graee
described. The role of carnitine in preventing apoptosis in skeletal muscle and

reducing TNF-alpha provides a theoretical basis for its use in the treatment of

myopathy associated with congestive heart failure (Vescovo et al 2002).

Myocarditis resulting from diphtheria Two studies using p,L-carnitine

(100 mg/kg/day in two divided doses orally for 4 days) found a reduction in the

incidence of, and mortality from, myocarditis in diphtheria (Ramos et al 1984, 1992).

HYPERTHYROIDISM

Considering that this condition is associated with reduced body stores of carnitine

and that L-carnitine is a peripheral antagonist of thyroid hormone action in some

tissues according to in vivo studies, carnitine treatment has been investigated in

hyperthyroidism.

One 6-month, randomised, double-blind placebo-controlled trial involving 50

women with induced suppression of thyroid-stimulating hormone showed that doses
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of 2 g or 4 g/day oral L-carnitine both reversed and prevented symptoms of the
disease and had a beneficial effect on bone mineralisation (Benvenega et al 2001).

MALE FERTILITY

A placebo-controlled, double-blind crossover trial of 100 infertile males (aged
20-40 years) found that L-carnitine therapy (2 g/day) was effective in increasing
semen quality, sperm concentration and total and forward sperm motility, especially
in groups with lower baseline levels (Lenzi et al 2003). The positive effects on sperm
motility have also been shown in previous trials using L-carnitine 3 g/day (Costa et al
1994, Vitali et al 1995). In a later trial, improvements in sperm motility were only
observed in the presence of normal mitochondrial function, determined by
phospholipid hydroperoxide glutathione peroxidase levels (Garolla et al 2005).

PERIPHERAL VASCULAR DISEASE

Due to its anti-ischaemic activity, L-carnitine supplements have also been used in
peripheral vascular disease. A double-blind crossover study supports this use, finding
L-carnitine supplements (2 g/day) taken for 3 weeks increased walking time in people
with peripheral vascular disease (Brevetti et al 1988). A derivative of L-carnitine,
known as propionyl-L-carnitine, taken for 6 months (2 g/day orally) has also
demonstrated significant improvements in walking distance and speed in patients
with claudication (Hiatt et al 2001).

ERGOGENIC AID
L-Carnitine is a popular supplement amongst athletes in the belief that it will
increase performance and recovery. This concept is largely based on the fact that
carnitine assists in the transport of fat across cell membranes in muscle tissue and is
involved in cellular energy production. Additionally, carnitine reduces insulin
secretion and significantly improves peripheral glucose use, when administered with
glucose, according to human research (Grandi et al 1997). There is evidence that
L-carnitine supplementation may increase maximal oxygen consumption, stimulate
lipid metabolism and reduce post-exercise plasma lactate (Karlic & Lohninger 2004).

In a placebo-controlled crossover trial using an L-carnitine—L-tartrate (LCLT)
supplement (2 g L-carnitine/day) for 3 weeks, researchers suggested that LCLT
supplementation was effective in assisting recovery from high-repetition squat
exercise (Volek et al 2002). However, other clinical trials using 2 g L-carnitine twice
daily for 3 months found no significant increase in muscle carnitine content,
mitochondrial proliferation, or physical performance (Wachter et al 2002).

Trials in subjects with cardiovascular disorders have been more promising. This is
supported by the clinical trial discussed earlier involving patients with chronic stable
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angina (lyer 2000). In addition, a clinical trial using 1 g L-carnitine or placebo three
times daily for 120 days has indicated a potential for improved performance and
effort tolerance in patients with cardiac insufficiency (Loster et al 1999).

OTHER USES

CHRONIC FATIGUE SYNDROME

Studies investigating whether people with CFS have lower levels of free L-carnitine
have shown contradictory results (Jones et al 2005), and trials using L-carnitine
supplementation in CFS have generally produced mixed results (Plioplys & Plioplys
1995, 1997, Soetekouw et al 2000). One randomised controlled trial did find that 1 g
L-carnitine (three times daily) produced a significant clinical improvement, especially
between the fourth and eighth week of treatment (Plioplys & Plioplys 1997).

ATTENTION DEFICIT HYPERACTIVITY DISORDER

In a randomised, double-blind, placebo-controlled double-crossover trial, treatment
with L-carnitine (100 mg/kg twice daily, maximum 4 g/day) over 24 weeks signifi-
cantly decreased the attention problems, delinquency and aggressive behaviour in
boys with ADHD (Van-Oudheusden & Scholte 2002). At 6 month follow-up 19 of 24
boys had responded to treatment as judged by parents and teachers.

DIABETES

Carnitine is essential for lipid and carbohydrate metabolism, and correct metabolic
control. It has been suggested that some people with diabetes may have reduced
levels of total and free carnitine (Mamoulakis et al 2004). Administration of ! .
L-carnitine reduces insulin secretion and improves peripheral glucose use (Grandi et al &Mm; Officinalis. £
1997) and tissue insulin sensitivity (Negro et al 1994). Additionally in type 2 diabetes, =
L-carnitine (1 g 3 times daily) significantly lowers fasting plasma glucose, but may
increase fasting triglycerides (Rahbar et al 2005). Although promising, further
research is required to elucidate the possible benefits and safety of carnitine
supplementation in this population.

HAEMODIALYSIS

Carnitine depletion in haemodialysis patients is caused by insufficient carnitine

synthesis and excessive loss through the dialytic membranes (Matera et al 2003).

Carnitine supplementation has been approved by the US FDA for the treatment and

prevention of carnitine depletion in dialysis patients. Supplementation in such

patients is said to improve lipid metabolism, protein nutrition, antioxidant status, and

anaemia and may reduce the incidence of intradialytic muscle cramps, hypotension, Carnitine 188
asthenia, muscle weakness, and cardiomyopathy (Bellinghieri et al 2003). However,
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the routine use of L-carnitine in dialysis patients to manage anaemia and refractory
dialysis-associated hypotension is contentious and some authors believe that there is
insufficient evidence to support this indication (Steinman et al 2003).

HEPATIC ENCEPHALOPATHY

Hepatic encephalopathy is a major complication of cirrhosis. Human trials have
demonstrated a protective effect of L-carnitine (2 g twice daily) in ammonia-
precipitated hepatic encephalopathy in cirrhotic patients at 30 days and more
significantly at 60 days (Malaguarnera et al 2003).

RETT SYNDROME

A case is reported of a 17-year-old girl with Rett syndrome whose condition improved
while using L-carnitine (50 mg/kg/day). Upon cessation, she relapsed whereas re-
establishing the treatment saw improvements after 1 week. More specifically,
alertness increased, she started reaching for objects with both hands, and answered
simple questions with one or two words. Interestingly, serum carnitine levels (free and
total) were within normal limits before and after L-carnitine treatment (Plioplys &
Kasnicka 1993). An 8-week randomised, placebo-controlled, double-blind crossover
trial of L-carnitine has since been completed detecting improvements on the Hand
Apraxia Scale and in the subjects’ general wellbeing (Ellaway et al 1999).

BETA THALASSAEMIA MAJOR
L-Carnitine treatment 100 mg/kg/day for 3 months improved transfusion time in
patients with thalassaemia (Yesilipek et al 1998).

AGEING | Ciltude Qicnatic. <
In a randomised, double-blind, placebo-controlled trial of 84 elderly subjects (aged
70-92 years) who experienced onset of fatigue after slight physical activity, L-carnitine
(2 g twice daily) for 30 days resulted in significant improvements in total fat mass,
total muscle mass, lipid profiles, as well as overall improvements in physical and
mental fatigue (Pistone et al 2003). Animal studies have demonstrated that
supplementation of carnitine (300 mg/kg/day) and lipoic acid (100 mg/kg/day) for
30 days protects mitochondria from ageing by raising mitochondrial energy
production and reversing the age-associated decline in mitochondrial enzyme activity
(Savitha et al 2005). Studies using standard oral doses of L-carnitine in humans are
required to confirm these effects.

WEIGHT LOSS
Carnitine is a popular supplement for weight loss when combined with an exercise Carnitine 189
program. This is based on its biochemical role in the production of energy from fatty
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acids. Currently, one clinical trial that has investigated carnitine supplementation
together with an aerobic training program failed to detect a significant effect on
weight loss (Villani et al 2000).

DOSAGE RANGE

e Deficiency: L-carnitine 50-200 mg/kg/day.

e Most conditions: 2—4 g/day L-carnitine or in divided dose (maximum single dose
29).

ACCORDING TO CLINICAL STUDIES

e Cardiovascular disorders: 2 g/day for at least 3 months may improve exercise

tolerance and recovery in people with conditions such as chronic stable angina and

cardiac insufficiency, and may also reduce lipoprotein-a levels and improve

peripheral vascular disease.

Hyperthyroidism: 2—4 g/day in divided doses.

Chronic fatigue syndrome: 1 g three times daily.

Ergogenic aid: 2 g/day.

Fertility: 2—-3 g/day may be useful to increase sperm motility and concentration.

ADVERSE REACTIONS

Carnitine is well tolerated at recommended doses. Mild gastrointestinal symptoms
including abdominal cramps, diarrhoea, nausea and vomiting, heartburn or gastritis
may occur. Mild myasthenia has been reported in uraemic patients using the p,L form
(Hendler & Rorvik 2001). Changes in body odour have also been noted (Sigma-Tau
Pharmaceuticals 1999, Van-Oudheusden & Scholte 2002).

SIGNIFICANT INTERACTIONS

ANTICOAGULANTS

@ According to one case report, L-carnitine 1 g/day may potentiate the anticoagulant
effects of acenocoumarol (also known as nicoumalone or acenocumarin) (Martinez et
al 1993). Use this combination with caution. Monitor bleeding time and signs and
symptoms of excessive bleeding.

ANTICONVULSANTS (INCLUDING VALPROATE, PHENOBARBITAL, PHENYTOIN,

CARBAMAZEPINE)

Trials with children and adults have shown a reduction in carnitine levels during

anticonvulsant therapy (Hug et al 1991, Rodriguez-Segade et al 1989). L-Carnitine

deficiency may cause or potentiate valproate toxicity and supplementation is known

to reduce the toxicity of valproate, as well as symptoms of fatigue. In a trial using Carnitine 190
L-carnitine for acute valproate poisoning no adverse events were noted (LoVecchio et
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al 2005). Increased carnitine intake may be required with long-term therapy —
potentially beneficial interaction under professional supervision.

INTERFERON-ALPHA

Clinical trials with patients being treated with IFN-alpha for hepatitis C observed
reduced fatigue when carnitine 2 g/day was co-administered (Neri et al 2003).
Increased carnitine intake may be required with long-term therapy — potentially
beneficial interaction under professional supervision.

ADRIAMYCIN (DOXORUBICIN)

Animal studies suggest long-term carnitine administration may reduce the cardiotoxic
side effects of adriamycin (Kawasaki et al 1996). Increased carnitine intake may be
required with long term therapy — potentially beneficial interaction.

INTERLEUKIN-2 IMMUNOTHERAPY

Clinical trials using L-carnitine (1 g/day orally) found that it may be used successfully
to prevent cardiac complications during IL-2 immunotherapy in cancer patients with
clinically relevant cardiac disorders (Lissoni et al 1993). Thus a beneficial interaction is
possible under professional supervision.

CHEMOTHERAPY (CISPLATIN)

Research into the use of L-carnitine 4 g/day for 7 days showed a reduction in fatigue
resulting from treatment with cisplatin (Graziano et al 2002) — beneficial interaction
is possible under professional supervision.

HIV DRUGS (ZIDOVUDINE) i . :
In vitro studies indicate prevention of muscle damage due to carnitine depletion Sl il ] |
(Dalakas et al 1994, Moretti et al 2002, Semino-Mora et al 1994). Patients with HIV

infection undergoing highly active antiretroviral therapy can be carnitine deficient and

supplementation of L-carnitine has been proposed to ‘increase the number of CD4

cells and reduce lymphocyte apoptosis; improve symptoms of polyneuropathy;

prevent cardiovascular damage from wasting and diarrhoea syndromes; decrease

serum levels of triglycerides and TNF(alpha)’ (llias et al 2004). Beneficial interaction is

possible. Increased carnitine intake may be required with long-term therapy.

BETAMETHASONE
ARCT has shown that a combination of low-dose betamethasone (2 mg/day) and
L-carnitine (4 g/5 days) was more effective in the prevention of respiratory distress
syndrome (7.3% vs 14.5%) and death (1.8% vs 7.3%) in preterm infants than high-
dose betamethasone given alone (8 mg/2 days) (Kurz et al 1993) — beneficial
interaction possible under professional supervision.
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CONTRAINDICATIONS AND PRECAUTIONS

e Chronic liver disease — may impair metabolism or increase biosynthesis of
L-carnitine (Krahenbuhl 1996).

e Seizures — may increase incidence of seizures in those with a pre-existing
condition (Sigma-Tau Pharmaceuticals 1999).

PREGNANCY USE
Insufficient reliable information is available. However, animal studies have revealed no
evidence of decreased fertility or harm to the fetus (Hendler & Rorvik 2001). In fact,
some research suggests a role for carnitine.

Requirements for carnitine may increase during pregnancy and a small trial found
a positive effect in women diagnosed with placental insufficiency taking 1 g
L-carnitine twice daily (Genger et al 1988). Due to the role of L-carnitine in the
synthesis of surfactant, trials have also been conducted using L-carnitine in
combination with low-dose betamethasone in women with imminent premature
delivery, with an improvement in respiratory distress syndrome and mortality rates
(Kurz et al 1993).

PRACTICE POINTS/PATIENT COUNSELLING

e Carnitine is an amino acid that is ingested through the diet and also synthesised
from lysine and methionine in the body.

e [tisinvolved in numerous biochemical processes and is essential for energy
production in the mitochondria of every cell.

e Vegetarians, and preterm infants or those on a carnitine-free formula, are at risk of 4
deficiency. Secondary risk factors include genetic defects of metabolism, liver and Lf:im(‘a!;: Gfecinales. 2
renal disease, dialysis, certain medicines and hypopituitarism.

e |-Carnitine 2 g/day for 3 months has been shown to improve exercise tolerance and
recovery, especially in people with cardiovascular disorders such as chronic stable
angina and cardiac insufficiency. Preliminary evidence also suggests a possible role
in hyperthyroidism, male infertility and peripheral vascular diseases such as
intermittent claudication.

e Carnitine supplements are also used to promote weight loss and as an ergogenic
aid, although large controlled studies are unavailable to assess effectiveness.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

L-Carnitine supplements improve clinical outcomes in people with cardiovascular

disorders by reducing the frequency of angina attacks, and improving outcomes Carnitine 192
after heart attack, cardiogenic shock and in cardiomyopathy. It may also reduce
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symptoms in hyperthyroidism, increase male fertility, increase walking distance in
people with peripheral vascular disease and reduce the side-effects of some
medicines.

When will it start to work?

People with cardiovascular disorders such as chronic stable angina and cardiac
insufficiency should experience benefits within 1-3 months.

Are there any safety issues?

Carnitine is well tolerated, but people with chronic liver disease or epilepsy should use
it with caution.
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Celery

Historical note Celery is widely used as a food. The ancient Greeks used celery
to make a wine called selinites, which was served as an award at athletic games.
Dioscorides described celery as an effective remedy for ‘heated stomach’ and
breast lumps and used it as a diuretic for urinary retention and dropsy.

OTHER NAMES
Smallage, marsh parsley, wild celery

BOTANICAL NAME/FAMILY
Apium graveolens (family Umbelliferae [Apiaceae])

PLANT PART USED
Fruit (seed)

CHEMICAL COMPONENTS

Celery is high in minerals, including sodium (Murphy et al 1978), and contains
furocoumarins such as psoralen and bergapten (Beier et al 1983). The major
constituents of celery seed oil include pinene and p-limonene (Saleh et al 1985).
Celery also contains flavonoids, such as apigenin, luteolin and isoquercitrin, and
phenolic acids and alkaloids (Fisher & Painter 1996).

MAIN ACTIONS LMM/HA Gffcinalis L.
ANTI-INFLAMMATORY ACTIVITY

Celery has been found to have anti-inflammatory activity, with suppression of

carrageenan-induced paw oedema observed in rats (Al-Hindawi et al 1989). Several

constituents show anti-inflammatory activity, such as apigenin, eugenol, ferulic acid,

luteolin and bergapton (Duke 2003). Studies in rats suggest that some celery seed

extracts are highly effective in suppressing experimental arthritis without exhibiting

any gastrotoxicity (Whitehouse et al 1999). Further in vivo studies suggest that celery

seed extracts were gastroprotective for NSAID gastropathy and that this effect is

mediated through non-prostaglandin mechanisms (Whitehouse et al 2001).

CHOLAGOGUE

Aqueous celery extract has also been found to increase bile acid excretion and lower
total serum cholesterol levels in genetically hypercholesterolaemic rats (Tsi & Tan
2000).

© 2007 Elsevier Australia

Celery 198



CHEMOPROTECTIVE

Based on in vivo studies in mice, it has been suggested that the phthalide
components of celery may be effective chemoprotective agents (Zheng et al 1993).
Celery consumption has been linked to a reduced risk of developing colon cancer
(Slattery et al 2000) and stomach cancer (Haenszel et al 1976).

OTHER ACTIONS

Celery is said to have antirheumatic, carminative, antispasmodic, diuretic,
antihypertensive and urinary antiseptic activity. Celery extracts have also been found
to have significant activity as a mosquito repellent (Tuetun et al 2004, 2005).

CLINICAL USE
Celery has not been significantly investigated under clinical trial conditions, so
evidence is derived from in vitro and animal studies and is largely speculative.
OSTEOARTHRITIS
Evidence of anti-inflammatory activity in experimental models provides a theoretical
basis for its use; however, controlled trials are not available to determine effective-
ness.

A small uncontrolled trial of 15 patients with chronic arthritis found that
treatment with celery seed extract significantly reduced pain symptoms after 3 weeks
(Bone 2003).

URINARY TRACT INFECTION
Celery is used in combination with other herbal medicines for the treatment of this

condition. Although it is not certain that the herb has antibacterial activity against Colindud Ofcinatis. =2
microorganisms implicated in urinary tract infection, it is used for its diuretic effect. L = - —
OTHER USES
Celery has been traditionally used as a diuretic, to improve appetite and digestion,
and as a treatment for nervousness and hysteria. The British Herbal Pharmacopoeia
gives the specific indication of celery for rheumatoid arthritis and depression (Fisher &
Painter 1996).

Oriental medicine uses the seeds to treat headaches and as a digestive aid and
emmenagogue.
DOSAGE RANGE
e Fluid extract (1:2): 4.5-8.5 ml/day in divided doses.
e Decoction of dried fruit: 0.5-2 g three times daily.
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TOXICITY/ADVERSE REACTIONS

Celery can cause food allergy (Luttkopf et al 2000), with cross-reactivity to a number
of other foods (Moneret-Vautrin et al 2002, Vieths et al 2002). Topical exposure to
celery may cause contact dermatitis angiooedema and urticaria (Kauppinen et al
1980). Photodermatitis has been recorded with occupational exposure (Seligman et al
1987) and celery has been suggested to cause ocular phototoxicity (Fraunfelder
2004).

SIGNIFICANT INTERACTIONS

Controlled studies are not available, so interactions are based on evidence of activity
and are largely theoretical and speculative.

NSAIDS

Celery seed extract may reduce gastrointestinal symptoms associated with NSAIDs —
beneficial interaction possible.

PENTOBARBITAL
Celery juice has been found to prolong the action of pentobarbital in rats (Jakovljevic
et al 2002) — use with caution.

WARFARIN

Celery contains naturally occurring coumarins, which may theoretically exert antico-
agulant effects; however, interaction is unlikely (Heck et al 2000, Myers 2002) —
observe with high-dose extracts.

THYROXINE " 7

May decrease drug effects (according to one case report) — observe patient. um&; Gfecinales. 2 ] B
PSORALEN-UV A (PUVA) THERAPY

Although celery has been found to contain psoralens, celery extract does not seem to

be photosensitising, even after ingestion of large amounts; however, it may increase

the risk of phototoxicity with concurrent PUVA therapy (Gral et al 1993) — use with

caution.

CONTRAINDICATIONS AND PRECAUTIONS
Usual dietary intakes are likely to be safe.

PREGNANCY USE
Likely to be safe when consumed in dietary amounts; however, safety is not known
when used in larger quantities. Avoid high-dose preparations.
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PRACTICE POINTS/PATIENT COUNSELLING

o Celery has been traditionally used as a diuretic. It is used to treat osteoarthritis and
demonstrates anti-inflammatory activity in experimental models. Celery is likely to
be safe when used in quantities commonly used in foods; however, there is the
possibility for allergy and contact sensitivity.

e |tis prudent to avoid using celery seed essential oil in amounts greater than those
ingested when used as a food.
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Chamonmile

Historical note Chamomiles have been used as medicines since antiquity and
traditionally grouped in botanical texts under the same general heading. They
were probably used interchangeably. Roman chamomile was reportedly used to
embalm the Egyptian Pharaoh, Ramses II, and is thought to have been
introduced into Britain by the Romans during their conquests. The Anglo-Saxons
used chamomile, presumably the Roman chamomile, as one of their nine sacred
herbs. Culpeper lists numerous ailments for which chamomile was used, such as
jaundice, fevers, kidney stones, colic, retention of urine and inflammation of the
bowel (Culpeper 1995). It was also widely used to treat common conditions in
children including colic in infants, teething pains and fever (Grieve 1976). It is
used in the treatment of gout and to reduce the severity of sciatic pain, either
taken internally or applied as a poultice externally (Culpeper 1995). Today,
chamomile tea is one of the most popular herbal teas in Australia and New
Zealand, and extracts are also used in cosmetics, as bath preparations, in hair
dye for blonde hair, shampoos, mouthwashes and preparations to prevent
sunburn (Foster & Leung 1996).

COMNMON NAME
German chamomile

OTHER NAMES
Wild chamomile, single chamomile, Hungarian chamomile, pin heads matricaria, blue
chamomile, Flos chamomillae vulgaris (Lat)

BOTANICAL NAME/FAMILY
Chamomilla recutita (L.) (family Asteraceae [Compositae])

There has been considerable confusion over botanical classification since the plant
formerly known as Matricaria recutita L. was added to the genus Chamomilla in
1974. Matricaria chamomilla L. is also used.

PLANT PARTS USED
Flower heads, gathered in summer when they are dry, and carefully dried at low
temperatures. Essential oil extracted by steam distillation of the flower heads.
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Clinical note — The difference between German and Roman chamomile.
Chamomilla recutita is widely distributed in waste lands and in the neglected fields
of Europe, particularly in Croatia and Hungary. Selected varieties are cultivated
(Bruneton 1995). Many plants are referred to as chamomile or have the word
‘chamomile’ as part of their common name. Of the large number of species of
chamomile growing in Europe, North Africa and the temperate region of Asia, five
grow wild in the United Kingdom and Europe. Wild varieties are German
chamomile (C. recutita), Roman chamomile (C. nobile (L.)), foetid or stinking
mayweed (Anthemis cotula), corn chamomile (Anthemis arvensis), and yellow
chamomile (Grieve 1976).

Roman chamomile, or Chamaemelum nobile (L.) (Anthemis nobile L.) is the
‘chamomile’ often referred to in English herbals. It has similar uses to the German
chamomile, such as an aromatic bitter for digestive conditions, antispasmodic
agent, mild sedative, and topically for its anti-inflammatory and mild analgesic
properties.

CHEMICAL COMPONENTS

e Essential oil (see below) 0.24-1.9%.

e Flavonoids (including flavonols and methoxylated flavones), apigenin (other
flavonols are partially hydrolysed to apigenin leading to concentrations of up to
8%), apigetrin (apigenin-7-p-glucoside), apigenin-7-acetylglucoside, apiin
(apigenin-7-apiosylglucoside), rutin (quercetin-3-rutinoside), luteolin,
quercimeritrin (quercetin-7-p-glucoside), quercetin and isorhamnetin.

e Coumarins — umbelliferone (7-hydroxycoumarin) and herniarin (methyl ether of u/nf«ér ,r}*/fl«"fm~* <
umbelliferone).

e Proazulenes (sesquiterpene lactones) including matricin, matricarin and
desacetlymatricarin.

e Plant acids (acidic mucilage), fatty acids, polysaccharide, choline, amino acids.

ESSENTIAL OIL
Chamomile extract produced by a cold extraction process is yellow; steam distillation
produces the blue essential oil. This is derived from matricin, also known as
proazulene or prochamazulene, a precursor of chamazulene.
Chamazulene (1-15%), farnesene, alpha-bisabolol and bisabolol oxides A and B
(up to 50% of the essential oil; proportions vary depending on the chemotype),
bisabolone oxide, chamazulene (from matricin on distillation), matricin, chamaviolin,
spathulenol and cis- and trans-enyne dicyclo ethers (spiroether, polyacetylenes). Chamomile 204
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German chamomile has four chemotypes (variations of the plant product
according to chemical composition). These relate to slight variations in the bisabolol
oxide content of the essential oil (Gasic et al 1986). Chemotypes, which contain
highest levels of alpha-bisabolol (known as C and D chemotypes), should be sourced
when an essential oil is required for antiphlogistic or spasmolytic properties.

MAIN ACTIONS

ANTI-INFLAMMATORY
Chamomile extract and various isolated constituents within chamomile have demon-
strated anti-inflammatory activity in a variety of tests.

Chamomile extract showed anti-inflammatory effects when applied topically in
animal models of inflammation (Al-Hindawi et al 1989, Plevova 1999, Shipochliev et
al 1981). In a comparative trial, hydro-alcoholic extracts of chamomile produced anti-
inflammatory actions when applied topically in the croton ear test in the mouse. The
hydro-alcoholic extract reduced oedema in a dose-dependent manner and was
equivalent in effectiveness to benzydamine at twice the usual clinical dose, but
hydrocortisone was found to be the most effective treatment (Tubaro et al 1984).

Another comparative study investigated the anti-inflammatory effects of an
extract prepared from dried flowers, an extract based on fresh flowers, and the
volatile oil, in croton oil-induced dermatitis of mouse ear. The activity of fresh
chamomile equalled the activity of the reference drug (benzydamine).

The anti-inflammatory activity of the herb appears to be due to several different
constituents, chiefly apigenin, matricin, chamazulene and alpha-bisabolol, although ; y
others may also exist. um(&; Gficinalic L

The previous study determined that apigenin exerts the strongest anti-inflamma-
tory action, which is ten times greater than matricin, which is ten times greater than
chamazulene (Della Loggia et al 1990). Another study evaluated the effects of
apigenin on the lipopolysaccharide-induced pro-inflammatory cytokines IL6 and TNF-
alpha in vitro and in vivo (Smolinski & Pestka 2003). Apigenin reduced IL6, but not
TNF-alpha in vitro. Pretreatment with the flavone (50 mg/kg) reduced IL6 by 35% and
TNF-alpha by 33% in vivo as compared with control animals. Alpha-bisabolol has
demonstrated anti-inflammatory and analgesic effects in a number of experimental
inflammatory models: rat paw oedema, adjuvant arthritis of the rat, ultraviolet
erythema of the guinea pig, and yeast fever of the rat (Jakovlev et al 1979).

Most studies have investigated the effects of topically applied chamomile or
isolated constituents; however, one study using the carrageenan inflammation test Chamomile 205
on rat paws showed that orally administered matricin produces anti-inflammatory
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activity that was greater than chamazulene and almost as effective as
(-)-alpha-bisabolol (Jakovlev et al 1979, Shipochliev 1981a).

Chamazulene has been found to inhibit leukotriene B4 formation and blocks
chemical peroxidation of arachidonic acid (Safayhi et al 1994).

ANTIPURITIC

An ethyl acetate extract and essential oil of chamomile have both shown anti-puritic
activity after a single dose in vivo (Kobayashiet al 2005). Additionally, the antipuritic
effects of the antihistamine H1 antagonists, oxatomide and fexofenadine, were
significantly increased by the ethyl acetate extract.

ANTISPASMODIC

Chamomile extract and several constituents demonstrate a dose-dependent
antispasmodic effect in vitro. The major activity is related to bisabolol, spiroethers,
and apigenin. (-)-alpha-bisabolol has an effect equal to papaverine; apigenin was the
most potent flavonoid, being significantly more potent than papaverine. The extract
of chamomile also has a good spasmolytic activity (Achterrath-Tuckermann et al
1980).

SEDATIVE
Shinomiya et al found that 300 mg/kg of chamomile extract significantly decreased
sleep latency in a sleep-disturbed rat model (2005). Extracts of chamomile showed
sedative activity on the mouse CNS (Della Loggia et al 1981), and extracts of
chamomile, as well as isolated apigenin, have been shown to bind to benzodiazepine
receptors in vitro. Apigenin showed antianxiety and sedative activity with
intraperitoneal injection in mice (Viola et al 1995).

Ovariectomised rats given inhalations of chamomile oil showed decreased levels of
stress-induced ACTH levels compared with controls; the experiment suggested an
activity similar to benzodiazepine agonists (Yamada et al 1996).

ANTIMICROBIAL

According to in vitro studies the essential oil has bactericidal and fungicidal activities

against Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus) and Candida

albicans in concentrations above 0.05% v/v, but has no effect against the Gram-

negative bacteria Escherichia coli, Pseudomonas aeruginosa (Aggag & Yousef 1972)

and Salmonella typhimurium (Gomes-Carneiro et al 2005). In contrast, extracts of

chamomile have demonstrated antimicrobial activity against E. coli (Ceska et al 1992).

The growth of S. aureus, Streptococcus mutans and group B streptococcus was Chamomile 206
inhibited by chamomile extract at concentrations of 10 mg/mL (Cinco et al 1983). In
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vitro tests using apigenin have identified inhibitory activity against HIV activation,
possibly by affecting viral transcription (Critchfield et al 1997, Trovato et al 2000).
Additionally, a semi-purified extract of chamomile has been found to inhibit HSV in
vitro (Suganda et al 1983).

ANTI-ULCER

Chamomile extract protected rats from developing experimentally induced ulcers.
Bisabolol (and extracts of chamomile) prevented the formation of ulcers in experimen-
tal animals exposed to indomethacin (NSAID) stress, and alcohol; and reduced the
healing time of ulcers induced by chemical stress (acetic acid) or by heat coagulation.
Alpha-bisabolol promotes granulation and tissue regeneration in burns and ulcers,
and protects against their formation (Szelenyi et al 1979).

OTHER ACTIONS

IMMUNE ENHANCEMENT

Chamomile extract increased T-lymphocyte rosette formation in vitro in blood
samples taken from ear, nose and throat patients with immunodeficiency (Kliachko et
al 1994). The polysaccharides (heteroglycans) showed significant immunostimulating
activities according to the granulocytes and carbon clearance tests (Wagner et al
1985).

ANTIOXIDANT
Chamazulene is a potent antioxidant. It inhibits lipid peroxidation in vitro (Goeters et
al 2001) in a dose-concentration- and time-dependent manner (Rekka et al 1996).

CHOLERETIC | Gl Qffinatis. £ 7 ]

Chamomile increases the production of bile by the liver (Pasechnik 1966).
DRUG DEPENDENCE

Chamomile extract was shown to inhibit the development of morphine dependence
and expression of abstinence syndrome in rats. Chamomile reduced frequencies of
behaviours associated with withdrawal (paw tremor, rearing, teeth chattering, body
shakes, ptosis, diarrhoea and urination) and weight loss (Gomaa et al 2003).

ANTICARCINOGENIC

Apigenin inhibits carcinogenesis in a number of in vitro and animal studies (Aguilera
et al 2000, Ali-Shtayeh et al 2000, Birt et al 1986, 1997, Lepley & Pelling 1997, Lepley
et al 1996, Panes et al 1996, Umezu 1999, Wei et al 1990).
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UTERINE EFFECTS
Water extracts of chamomile increased uterine tonus in isolated rabbit and guinea pig
uterine horn (Shipochliev 1981b).

PIGMENTATION

Chamomile extract has been found to decrease UV-induced pigmentation as well as
the hyperpigmentation found in lentigo senilis (aged or liver spots). Endothelin-1 is a
cytokine responsible for stimulating melanocyte function leading to
hyperpigmentation. Chamomile has been shown to interrupt the endothelin-1
induced signalling, thereby reducing the ability of melanocytes to proliferate and to
synthesise melanin (Ichihashi et al 1999).

CLINICAL USE

Chamomile is most widely taken as a tea, often after meals or as an alternative to
caffeine-containing beverages. In clinical practice, the oral dose form most often used
is a concentrated extract, in order to produce stronger therapeutic effects. It is also
used as a topical treatment in some indications.

SKIN CONDITIONS
Chamomile is used topically for a variety of dermatological conditions. The most
tested topical product is known commercially as Kamillosan.
Wound healing According to a double-blind trial, external application of a
chamomile extract improves wound healing. In the study, chamomile extract
significantly decreased weeping and improved wound healing after dermabrasion of
tattoos (Glowania et al 1987). i 5
Eczema In one comparative study, 161 patients with eczema on the arms and L“‘M" et L ) B
lower legs were treated with 0.25% hydrocortisone, 5% bufexamac (NSAID), 0.75%
fluocortin (glucocorticoid) or a chamomile cream known commercially as Kamillosan.
The chamomile cream was as effective as hydrocortisone and was superior to the
other two treatments (Aertgeerts et al 1985). (Kamillosan is reportedly made from a
high bisabolol-containing chemotype of chamomile.)
Dermatitis A study involving experimentally-induced toxic dermatitis found that
chamomile ointment (Kamillosan) produced a more soothing effect on human skin
than a chamomile ointment base or hydrocortisone ointment 0.1% (Nissen et al
1988). (Note: the hydrocortisone cream used in this study was quite weak compared
with the usual strength of 0.5-2.5%.)

Chamomile cream helped protect against skin radiation damage in breast cancer
patients receiving radiation (Maiche et al 1991). Chamomile cream (Kamillosan) has Chamomile 208
been shown to be slightly less effective than 0.25% hydrocortisone, but superior to
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fluocortin butyl ester and 5% bufexamac in relieving inflammation associated with
dermatoses (Aertgeerts 1984, Aertgeerts et al 1985).

Commission E approves the external use of chamomile for inflammation of the
skin and mucous membranes, as well as for bacterial skin diseases, including those of
the oral cavity and gums (Blumenthal et al 2000).

SEDATION

Both oral dose forms and the essential oil of chamomile are used for this indication.
A placebo-controlled study involving 22 volunteers found that inhalation of

chamomile oil produced sedative effects and improved mood (Roberts & Williams

1992). Chamomile tea (two teabags in 175 mL of hot water) given to 12 patients

during cardiac catheterisation induced a deep sleep in 10 patients, even though the

procedure usually causes pain and anxiety (Gould et al 1973).

GASTROINTESTINAL CONDITIONS
Chamomile is widely used to relieve stomach cramping, dyspepsia and flatulence. The
herb’s antispasmodic and relaxant effects provide a theoretical basis for its use in
these conditions.

In an open, multicentre study, 104 patients with gastrointestinal complaints,
including gastritis, flatulence and minor spasms of the intestines, were treated for
6 weeks with 5 mL/day of an oral chamomile preparation (standardised to contain
50 mg alpha-bisabolol and 150-300 mg apigenin-7-glucoside per 100 g). By self-
evaluation, all patients improved with 44.2% becoming symptom free (Stiegelmeyer
1978). ;
Diarrhoea in children In Europe, chamomile is widely used to treat a variety of Rl 7 B
paediatric complaints.

A prospective, double-blind, randomised trial was used to document the efficacy
of a preparation containing chamomile extract and pectin in children aged 6 months
to 5.5 years with uncomplicated diarrhoea. The chamomile preparation reduced the
duration and severity significantly faster than placebo (de la Motte et al 1997).

Commission E approves chamomile for gastrointestinal spasms and inflammatory
diseases of the gastrointestinal tract.

ANTIBACTERIAL PREPARATIONS

A phase Ill, double-blind, placebo-controlled clinical trial of 164 patients assessed the
efficacy of chamomile mouthwash in preventing 5-fluorouracil induced stomatitis and
found no difference between chamomile and placebo (Fidler et al 1996).
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OTHER USES
The British Herbal Pharmacopoeia (1983) recommends chamomile for flatulent
nervous dyspepsia, travel sickness, nasal catarrh, nervous diarrhoea and restlessness.
Externally, chamomile is recommended for haemorrhoids, mastitis and leg ulcers. The
specific indication is for gastrointestinal disturbance with nervous irritability in
children and for teething and colic in infants.

Commission E approves the use of inhalations for inflammation and irritation of
the respiratory tract and baths and irrigations for anogenital inflammation
(Blumenthal et al 2000).

ORAL MUCOSITIS
Methotrexate-induced oral mucositis in a 76-year-old woman was successfully treated
by chamomile mouthwash in a recently reported case study (Mazokopakis et al
2005).

The mouthwash consisted of 8 g of flower heads steeped in 1000 mL of boiling
water for 15 minutes and then used as a gargle four times daily.

PREVENTING POSTOPERATIVE SORE THROAT

Chamomile extract spray administered before intubation was not able to prevent
postoperative sore throat and hoarseness compared with saline spray in a randomised
double-blind study (Chan et al 2003).

HAEMORRHAGIC CYSTITIS

Chamomile extract decreased the symptoms of haemorrhagic cystitis. Thirty-two
patients were randomly assigned to receive either the antibiotic cotrimoxazole i 5 ‘
(trimethoprim/sulfamethoxazole) alone or with a chamomile extract administered on L“‘M" et L ) B
day one as a bladder instillation, followed by daily hipbath use. Symptoms were

evaluated after 10 days and indicated that the chamomile group experienced more

rapid alleviation of symptoms than the group treated with only cotrimoxazole. The

product used was Kamillenextrakt, an ethanolic extract of chamomile flowers (Barsom

etal 1993).

DOSAGE RANGE
INTERNAL USE
e German chamomile is used either as a tea made from the dried flower heads, or as
an extract.
o Dried flower heads: 2-8 g three times daily by infusion.
e Fluid extract (1:2): 3-6 mL/day. Chamomile 210
e Tincture (1:5): 3-10 mL three times daily.
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e The quality of chamomile varies greatly. For maximum efficacy, use high-grade
chamomile (high in alpha-bisabolol). Standardised extracts are usually standardised
to either bisabolol or apigenin.

EXTERNAL USE

e The dried flowers can also be made into a poultice with the addition of hot water
and applied directly to the skin, or the tea can be used to bathe inflamed skin and
eyes.

e Essential oil (external use): 5 drops per 100 mL of oil, or per 100 g of cream or
ointment.

e In baths and water for compresses, the dose should not exceed 10 drops.

e Inhalation: 5 drops of essential oil in 1 L hot water.

ADVERSE REACTIONS

ALLERGIC REACTIONS
Occasional rare cases of allergic skin reactions have been reported. However, a
bibliographic review of 50 reports of ‘chamomile’ sensitivity revealed that in only five
papers was the botanical identification of the plant material correlated with
Chamomilla recutita. In the majority of other instances, the effects were caused by
species of the genus Anthemis, frequently also called chamomile. Experimental
studies on pigs using a rigorous testing technique proved that C. recutita possesses
low sensitising capacity. The suspected allergen is the sesquiterpene lactone,
anthecotulide, found in Anthemis cotula L. (stinking mayweed), which only occurs in
trace amounts in the bisabolol oxide B-chemotype of genuine chamomile (Hausen et . . 7y
al 1984). Allergic conjunctivitis has been reported with the use of chamomile tea i utasiaie ] |
eyewashes, and the pollens contained in the teas have been identified as the allergens
responsible. The reaction occurred after first exposure and was thought to be due to
cross-reactivity to Artemesia pollen (Subiza et al 1989). Pollens are not likely to be
present or active in aqueous alcohol extracts of chamomile.

German chamomile is thought to be less allergenic than Roman chamomile, but
any variety of chamomile can potentially cause allergic reactions. An enema made
from German chamomile (Kamillosan) given during labour to a 35-year-old woman
with no history of atopy resulted in life-threatening anaphylaxis and fatal asphyxia of
the newborn (Jensen-Jarolim et al 1998). Chamomile enemas are not a usual form of
administration.

SIGNIFICANT INTERACTIONS
Controlled studies are not available; therefore, interactions are based on evidence of
activity and are largely theoretical and speculative.
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BENZODIAZEPINES

Theoretically, an additive CNS depressant and antispasmodic effect can occur with
concurrent use — observe patients taking this combination, although the combi-
nation may be clinically useful when used under supervision.

DRUGS METABOLISED BY CYP3A4

Chamomile has been shown to inhibit cytochrome 3A4 enzymes in vitro (Budzinski et
al 2000, Ganzera et al 2006, Gomes-Carneiro et al 2005). The clinical significance of
this is unknown; however, drugs that are metabolised by these enzymes could
theoretically be affected.

NSAIDS
Chamomile extract protected test animals from experimentally-induced ulcers —
beneficial interaction.

CONTRAINDICATIONS AND PRECAUTIONS

Chamomile is contraindicated in hypersensitivity or known allergy to chamomile or
other members of the Asteraceae family (e.g. yarrow, tansy, feverfew, daisy,
ragweed).

PREGNANCY USE
Safety has not been established scientifically; however, no teratogenic effects have
been observed in vivo.

PRACTICE POINTS/PATIENT COUNSELLING
e German chamomile has demonstrated anti-inflammatory, antispasmodic, sedative ) ¥
and antimicrobial activity. s 7 i
e |tistaken orally either as a tea or tincture, used externally as a poultice, cream or
ointment or inhaled as an essential oil.
e Internally, it is used to relieve flatulence, gastrointestinal spasm, dyspepsia and
induce a sense of relaxation. It is also used for infants with teething pain and colic.
e Externally, chamomile preparations are used to treat dermatitis, enhance wound
healing, nappy rash and soothe irritated skin. Comparative studies show it has an
anti-inflammatory effect equivalent to low-dose hydrocortisone preparations.
e There is some evidence from clinical trials to support the use of chamomile in the
treatment of wounds, eczema, dermatitis, nervousness and tension, diarrhoea in
children and for the symptoms of haemorrhagic cystitis (in association with
antibiotic therapy).
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ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Chamomile is taken to relieve stomach spasms and flatulence, to induce relaxation
and promote sleep. It is also popular for children with teething pain and digestive
complaints such as colic or diarrhoea. Applied externally as a cream, ointment or
poultice, it is used to reduce skin irritation and inflammation.

When will it start to work?

Chamomile relieves gastrointestinal symptoms quickly, within several minutes. For
more chronic problems, it may need to be used long term.

Are there any safety issues?

Chamomile is considered a very safe herb. While there have been reports of allergic
reactions, the majority have been due to adulteration with other herbs. Chamomile
tea is more likely to cause allergic reactions than either extracts or essential oil.
Chamomile should not be used by persons with hypersensitivity or known allergy to
chamomile or other members of Asteraceae family (e.g. yarrow, tansy, feverfew,
wormwood).
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Chaste tree

Historical note Chaste tree has been used since ancient times for a variety of
gynaecological conditions, such as aiding expulsion of the placenta after birth
and promoting menstruation. Leaves of the chaste tree were worn by vestal
virgins in ancient Rome as a symbol of chastity and it was used during that time
to promote celibacy. The berries have been used to reduce fever and headaches,
stimulate perspiration and to ‘check violent sexual desires’ in monasteries. A
commercially preparation of chaste tree has been available in Germany for over
50 years and it is still commonly used for menstrual irregularities.

OTHER NAMES
Agnus castus, chasteberry, gattilier, hemp tree, keuschlammfruchte, monk’s pepper,
wild pepper, vitex

BOTANICAL NAME/FAMILY
Vitex agnus-castus (family Labiatae)

PLANT PART USED
Dried ripened or fresh ripe fruits

CHEMICAL COMPONENTS

Vitex agnus-castus contains many different chemical constituents, including luteolin- | . e :
. . .. . 0 . . . . . . Colendrla (}y"z‘um\/m_,
like flavonoids (casticin, orientin, isovitexin), iridoid glycosides, aucubin, eurostoside, L :
agnuside, essential fatty acids and the essential oils cineole, limonene and sabinene.

MAIN ACTIONS

A mechanism of action has not been conclusively identified, but it is thought to act
on the pituitary—hypothalamic axis.

DECREASES PROLACTIN RELEASE

The most thoroughly studied mechanism for vitex is its interaction with dopamine
receptors in the anterior pituitary. Several studies have indicated that vitex acts on
dopamine D, receptors and decreases prolactin levels (Berger et al 2000, Halaska et al
1998, Jarry et al 1994, Meier & Hoberg 1999, Meier et al 2000, Milewicz et al 1993,
Sliutz et al 1993, Wuttke et al 2003). It is likely that this mechanism is responsible for
the symptom-relieving effects seen with vitex in mastodynia and hyperprolactinaemia Chaste tree 217
(Meier & Hoberg 1999, Milewicz et al 1993, Splitt et al 1997).
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Results from one study involving healthy males propose that this effect is dose-
dependent, as lower doses (120 mg) were found to increase secretion and higher
doses (204-480 mg) were found to decrease secretion (Merz et al 1996).

A study using the vitex extract BNO 1095 (70% ethanol, 30% H,O extract,
Bionorica, Neumarkt, Germany) identified that the major dopaminergic compounds
are the clerodadienols, which act as potent inhibitors of prolactin release; however,
other active compounds of lesser activity were also identified (Wuttke et al 2003).

OESTROGEN-RECEPTOR BINDING
Chasteberry extract showed significant competitive binding to oestrogen-receptors
alpha and beta in vitro (Liu et al 2001).

INCREASES PROGESTERONE LEVELS

A randomised controlled trial of women with hyperprolactinaemia showed that vitex
extract (20 mg daily) normalises progesterone levels after 3 months’ treatment
(Milewicz et al 1993). In vitro research has found that vitex stimulates progesterone
receptor expression (Liu et al 2001).

OPIOID RECEPTORS

A recently published study reported that a methanol extract of vitex had affinity to the
p-opiate receptor (Webster et al 2006). Of note, this receptor is the primary action
site for beta-endorphin in vivo, a peptide which assists in regulating the menstrual
cycle through inhibition of the hypothalamus—pituitary— adrenal axis.

Clinical note — The opiate system and PMS
The opiate system consists of mu, delta and kappa opiate receptors and u‘“’“é" Yeinales. L
endogenous opiate peptides such as beta-endorphin (Webster et al 2006). The
opiate system plays an essential role in regulating tonic pain perception, mood,
appetite, and other functions. PMS is characterised by a reduction of opiate activity
and the severity of symptoms such as anxiety, food cravings, and physical
discomfort is inversely proportional to the amount of decline in beta-endorphin
levels in the luteal phase. Based on recent research, the symptom-relieving effects of
vitex in PMS may be due to direct activation of analgesic and mood regulatory
pathways via opiate receptor activation and/or reversal of the loss of opiate
inhibition in the luteal phase.

CYTOTOXIC ACTIVITY
Cytotox@ actlwty has been reported for an ethanolic extract of the dried ripe fruit of Chaste tree 218
vitex against various human cancer cell lines (Ohyama et al 2003, 2005, Weisskopf et
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al 2005). The extract increased intracellular oxidative stress and mitochondrial
damage leading to apoptosis.

OTHER ACTIONS

Conflicting results have been obtained in studies with regard to the effect on FSH and
LH levels. One clinical study found that vitex extract did not alter them, whereas
another showed that it increased LH release (Lauritzen et al 1997, Milewicz et al
1993).

CLINICAL USE
Although double-blind studies have recently been conducted with chasteberry,
uncontrolled trials go back to the 1940s when a product known as Agnolyt was
tested. The product was developed and patented by Dr Gerhard Madaus in Germany
and contained Vitex agnus-castus. Several different vitex products have been
investigated to date including: Agnolyt (standardised to 3.5-4.2 mg of dried
chasteberry extract), Vitex agnus-castus L. extract Ze 440 (each 20 mg tablet
standardised for casticin and agnuside), Femicur (contans 1.6-3.0 mg of dried extract
per capsule) and Mastodynon (53% v/v ethanol) a homeopathic preparation.

Owing to difficulty in locating the German studies, secondary information sources
have sometimes been used to provide a more comprehensive review.

PREMENSTRUAL SYNDROME
Chasteberry relieves some common symptoms associated with PMS, according to
several clinical trials (Atmaca et al 2003, Berger et al 2000, Dittmar 1992, Lauritzen
1997, Loch et al 2000, Schellenberg 2001). According to these clinical trials, the PMS . . :
symptoms that respond best to treatment are breast tenderness, irritability, depressed L~  sisi ] |
mood, anger, mood changes, headache and constipation. The most studied extract
investigated in PMS is Ze440 (see Clinical note below).

A multicentre, randomised, controlled, double-blind study investigating the effects
of Vitex (Ze 440) for PMS involved 170 women and was published in the British
Medical Journal (Schellenberg 2001). Of the group, 13% were also taking OCP.
Treatment with a 20 mg tablet of dry extract of chasteberry taken daily resulted in a
significant improvement of PMS symptoms, particularly headache, breast fullness,
irritability, anger and mood changes. Over 50% of women in the active treatment
group achieved at least a 50% reduction in symptoms.

Previously, a number of open studies had generally produced positive results for
vitex as a symptomatic treatment in PMS. One multicentre open-label study showed
that daily treatment with a 20 mg tablet of Vitex (Ze 440) over three menstrual cycles Chaste tree 219
significantly reduced the Moor menstrual distress self-assessment questionnaire
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(MMDQ) with 46% of women experiencing a 50% reduction in the MMDQ.
Treatment also reduced the duration of PMS symptoms from 7.5 days to 6 days and
was as effective for women taking OCP as for those who were not (Berger et al 2000).
Once treatment was stopped, PMS symptoms gradually returned to baseline within
three further cycles. The largest multicentre trial was an open study of 1634 women
with PMS, which found that treatment with vitex (Femicur) for three menstrual cycles
decreased the number of PMS symptoms in 93% of subjects (Loch et al 2000).
Symptoms completely resolved in 40% of subjects and 94% overall rated vitex
treatment as well tolerated. An early study using vitex (Agnolyt) in 1542 women with
PMS reported an improvement in symptoms with an average dose of 42 drops daily
taken for an average of 25 days (Dittmar 1992 as reported in Ulbricht & Basch 2005).
According to Ulbricht and Basch (2005), three earlier uncontrolled studies produced
inconclusive results.

Although vitamin B6 is a popular treatment for PMS symptomes, the results from a
double-blind comparative study have found that vitex (Agnolyt) is as effective and
possibly more so (Lauritzen et al 1997). The randomised, double-blind study of 175
women compared vitex, pyridoxine and placebo. In the study, 77% of women
receiving vitex reported symptom alleviation compared with 61% with pyridoxine
(200 mg/day), which was considered a small but significant difference. Additionally,
physician assessments were more likely to rate treatment with vitex as ‘excellent’
compared with pyridoxine.

In 2003, a randomised 8 week study involving 42 women compared the effects of
20-40 mg daily of fluoxetine, a SSRI, and 20-40 mg of vitex extract and found no . ! ‘
statistically significant difference between the groups with respect to the rate of gl it
responders (Atmaca et al 2003). More specifically, patients with premenstrual
dysphoric disorder responded well to both treatments; however, fluoxetine was more
effective for psychological symptoms such as depression and irritability whereas the
herbal extract was more effective for diminishing physical symptoms such as breast
tenderness, cramps, food cravings and swelling. Unfortunately, the authors did not
report the type of vitex extract used in the study.

Commission E approves the use of chasteberry for this indication.

Clinical note — Ze440 extract

The naming of the Ze440 extract (Premular in Australia) is derived from the name
Zeller, the 135-year-old Swiss company manufacturing it, combined with a unique
number ascribed during the initial studies. In order to ensure that products deliver
consistent results, Ze440 is measured by both composition and consistency from

batch to batch. To promote product uniformity, every batch is grown, harvested
© 2007 Elsevier Australia
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and manufactured into tablets under controlled conditions and is extracted in a
standardised method that ensures consistent and high levels of the important
lipophilic compound casticin and an established marker compound, the iridoid
glycoside named agnuside.

MASTALGIA

Mastalgia is considered to relate to latent and increased basal prolactin levels;
therefore, agents that reduce prolactin levels are anticipated to reduce symptoms. For
this reason, vitex is a popular treatment for mastalgia.

In two randomised, double-blind studies, vitex (Mastodynon) effectively reduced
premenstrual mastalgia (Halaska et al 1998, Splitt et al 1997, Wuttke et al 2003).
Subjects completed a visual analogue scale (VAS) and rated their breast pain from 0
(lowest breast pain) to 10 (extremely strong breast pain). Active treatment reduced
the mastalgia score by 35-40%, an effect significantly stronger than that of placebo
(25%). One of these studies also demonstrated that treatment with vitex reduced
serum prolactin levels (Splitt et al 1997, as reported in Wuttke et al 2003). According
to Halaska et al (1998), symptom relief was experienced after the first month of
treatment with continued improvements experienced after the second and third
months.

Commission E approves the use of chasteberry for this indication.

IRREGULARITIES OF THE MENSTRUAL CYCLE
Chasteberry is used to normalise menstruation in women with shortened, lengthened
or infrequent menstruation, particularly when low progesterone and luteal phase
defects are suspected. A randomised controlled trial of women with luteal phase
defect due to latent hyperprolactinaemia demonstrated that vitex extract (20 mg
daily) effectively reduced prolactin levels and normalised luteal phase length and
progesterone levels after 3 months’ treatment (Milewicz et al 1993).

Commission E approves the use of chasteberry for this indication.

POOR LACTATION

Vitex has been used since ancient times as a galactagogue to promote milk

production. Currently there are no double-blind studies to confirm its efficacy;

however, an early uncontrolled study supports the use of vitex in lactation, finding a

favourable effect on milk production in 80% of women (Noack et al 1943). Results

from a small study of males suggest that increases in prolactin may be possible with

low dose vitex (120 mg daily) whereas higher doses (480 mg daily) result in decreased Chaste tree 221
levels (Merz et al 1996).
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FERTILITY DISORDERS

Vitex is used in practice with other herbal medicines to enhance fertility in women
with progesterone deficiency or luteal phase defects. Currently no large studies have
been published to evaluate the effectiveness of this approach; however, a double-
blind, randomised, placebo-controlled study of 96 women with fertility disorders (38
with secondary amenorrhea, 31 with luteal insufficiency and 27 with idiopathic
infertility) used the vitex product Mastodynon with encouraging results (Gerhard et al
1988). Treatment of 30 drops was administered twice daily for 3 months and resulted
in women with amenorrhea or luteal insufficiency achieving pregnancy more than
twice as often as the placebo group, with 15 women conceiving during the study
period (n = 7 with amenorrhoea, n = 4 with idiopathic infertility, n = 4 with luteal
insufficiency). Although promising, this study has been criticised for pooling of
diverse conditions, unclear reporting of results and variable significance (Ulbricht &
Basch 2005).

ACNE VULGARIS

An open study of 117 subjects with different forms of acne found that after 6 weeks’
treatment with a 0.2% dried extract of Vitex agnus-castus and a topical disinfectant,
70% of cases experienced total resolution with the highest success rates reported for
acne vulgaris, follicularis and excoriated acne (Amann 1975). A group that was not
treated with the herb took 30-50% longer to achieve similar results. Although
encouraging, it is difficult to determine the contribution of vitex treatment to these
results. Until controlled studies using vitex as a stand-alone treatment are conducted,
the herb’s role in this condition is still uncertain.

OTHER USES

Vitex is used to relieve menopausal symptoms, and aid the expulsion of the placenta
after birth. It is also used to treat fibroids, normalise hormones following the use of
OCP, and in cases of premature ovarian failure.

DOSAGE RANGE

GENERAL GUIDE

Liquid extract (1:2): 1-2.5 mL in the morning.

Dried fruit: 1.5-3 g in the morning.

Dry fruit flesh (solid-dose form): 1000-1800 mg/day.

Manufacturers have recommended vitex preparations be taken daily as a single
dose upon rising, before breakfast, throughout the menstrual cycle.

Colonduda Oficinalis. 277 |
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ACCORDING TO CLINICAL STUDIES
e PMS
Ze440 extract (Premular) 20 mg daily
Femicur 40 mg daily
e Cyclic mastalgia
Mastodynon 60 drops daily or 1 tablet daily
e Menstrual irregularities
20 mg daily (extract unknown)
o Infertility
Mastodynon 30 drops twice daily

ADVERSE REACTIONS

A systematic review of the herb’s safety, published in 2005, analysed data from six
electronic databases, postmarketing surveillance studies, spontaneous

reporting schemes (including WHO), herbalist organisations and manufacturers
(Daniele et al 2005). The review concluded that vitex is a safe herbal medicine and any
adverse effects associated with its use tend to be mild and reversible. The most
common adverse effects are: nausea, headache, gastrointestinal disturbances,
menstrual disorders, acne, pruritis and erythematous rash. Additionally, no drug
interactions have been reported.

SIGNIFICANT INTERACTIONS

Controlled studies are not available, so interactions are based on evidence of activity
and are largely theoretical and speculative.

DOPAMINE ANTAGONISTS

An antagonistic interaction is theoretically possible — observe patients.

ORAL CONTRACEPTIVES

There has been speculation about the effectiveness of vitex when OCP are being
taken. Several clinical studies involving women taking oral contraceptives have
confirmed the herb still reduces PMS symptoms and does not affect OCP.

CONTRAINDICATIONS AND PRECAUTIONS
People with tumours sensitive to oestrogen or progesterone should avoid using this
herb until safety can be established.

PREGNANCY USE
Vitex is not traditionally recommended in pregnancy. In practice, some herbalists use
it during the first 8 weeks of pregnancy in cases of difficult conception.

© 2007 Elsevier Australia
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PRACTICE POINTS/PATIENT COUNSELLING

e Several clinical trials have shown that vitex is an effective treatment for common
PMS symptoms, such as mood changes and irritability, breast tenderness,
headaches and constipation. According to one study, it is more effective than
pyridoxine treatment and has a similar response rate to fluoxetine.

o Clinical research has also shown it to be effective in menstrual irregularities and
mastalgia.

e Vitex s also used to relieve menopausal symptoms, enhance fertility in women with
progesterone deficiency or luteal phase defects, and aid the expulsion of the
placenta after birth, reduce fibroids and normalise hormones following the use of
oral contraceptives.

o Traditionally, it is described as a galactagogue (i.e. a medicine able to increase milk
production in lactation) and is used in low doses for this indication.

e A mechanism of action has not been conclusively identified, but it appears to
inhibit prolactin release by selective stimulation of pituitary dopamine D, receptors,
increase progesterone levels and works via the opiate system.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Chasteberry is used to relieve common symptoms of PMS, such as irritability, mood
swings, breast tenderness, headache and constipation. It is also used in combination
with other herbal medicines to enhance fertility, relieve menopausal symptoms,
regulate irregular menstruation, improve acne and promote milk production in new
mothers.

When does it start to work?

Most trials show that treatment for at least three menstrual cycles may be required
before symptom relief is experienced in PMS.

Are there any safety issues?

In cases of irregular menstruation, investigation for serious pathology should be
undertaken before use of this herb.
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Chickweed

Historical note Chickweed is one of the most common weeds worldwide. It
has been used since ancient times to treat external inflammatory conditions and
is also used as a tasty and nutritious vegetable, as well as poultry fodder to
improve egg production.

COMNMON NAME
Chickweed

OTHER NAMES
Mouse-ear, star chickweed, starweed, satinflower, starwort, stellaria, winterweed

BOTANICAL NAME/FAMILY
Stellaria media (family Caryophyllaceae)

PLANT PARTS USED
Aerial parts — leaves, stems and flowers

CHEMICAL COMPONENTS

Saponins, coumarins, flavonoids, carotenoids, carboxylic acids, as well as nitrate salts,
vitamin C, calcium, iron, vitamins A and C and B complex vitamins (Fisher & Painter
1996). Chickweed essential oil has been found to contain several well-known contact . ;
allergens borneol, menthol, linalool, 1,8-cineole, and other terpenes such as epoxy- &m@ Offcinali. L.
dehydro-caryophyllene, monoterpene alcohol-ester and caryophyllene (Jovanovic et al -
2003).

MAIN ACTIONS
The pharmacological actions of chickweed have not been significantly investigated, so
traditional use and an understanding of the actions of individual constituents is used.

INTERNAL USE — ANTITUSSIVE, EXPECTORANT AND DEMULCENT EFFECTS
Herbal saponins are well known to irritate mucous membranes and are successfully
used as expectorants (e.g. senega). Herbs, such as chickweed, that contain saponins
are also suspected to have a degree of expectorant activity when used internally;
however, this has not been investigated in controlled studies.
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EXTERNAL USE — SOOTHING IRRITATED SKIN AND ENHANCING WOUND
HEALING

Chickweed is traditionally thought to have soothing properties when applied to the
skin in an appropriate vehicle, although controlled studies are not available to confirm
these effects. The saponin content may account for the herb’s ability to help reduce
itchiness.

OTHER ACTIONS

An in vitro study identified that a chickweed decoction had activity against human
hepatoma cell lines (Lin et al 2002). An ethanolic extract of chickweed has been
found to strongly inhibit xanthine oxidase in vitro, suggesting that it may have a use
against hyperuricaemia and gout (Pieroni et al 2002).

CLINICAL USE
Chickweed has not been significantly investigated under clinical trial conditions, so
evidence is derived from traditional, in vitro and animal studies.

URTICARIA, ECZEMA, RASHES, BURNS

Chickweed is most commonly used in external preparations for inflamed and itchy
skin conditions such as urticaria, eczema, insect bites and stings, as well as minor
wounds and cuts. Anecdotal evidence suggests that it may have some effects;
however, controlled studies are not available to confirm effectiveness.

BRONCHIAL PHLEGM AND BRONCHITIS

Taken orally, chickweed is often combined with other herbs for treating conditions
characterised by fever and bronchial phlegm; however, controlled studies are not
available to confirm effectiveness.

OTHER USES
Chickweed can be eaten raw in salads, served as cooked greens, juiced or infused as a
tea. It has also been used as a mild laxative and diuretic substance.

DOSAGE RANGE

e Tincture (1:5): 2-10 mL three times daily.

o Infusion of dried herb: 1-5 g three times daily.

e Chickweed is commonly incorporated into a topical ointment or cream base for
external use (1 part chickweed to 5 parts base) and applied as required.

TOXICITY
Allergic skin reactions can occur with topical use. Chickweed 227
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ADVERSE REACTIONS

There is insufficient reliable information available about the safety of chickweed when
used internally or externally. Allergy to chickweed causing contact erythema
multiforme has been reported (Jovanovic et al 2003) and it is advised to apply a test
patch to a small area before applying more widely.

SIGNIFICANT INTERACTIONS
Not known.

CONTRAINDICATIONS AND PRECAUTIONS
Allergic skin reactions can occur with topical use.

PREGNANCY USE
Likely to be safe when consumed in dietary amounts; however, safety is not known
when used in larger quantities.

PRACTICE POINTS/PATIENT COUNSELLING

e Chickweed has been traditionally used as an ingredient in herbal creams and
ointments to soothe inflamed itchy skin and promote wound healing. Although
controlled studies are unavailable, the pharmacological actions of several constitu-
ents within the herb suggest that it may be useful.

e Although it is likely to be safe, it is prudent in pregnancy to avoid using chickweed
in amounts greater than those ingested when used as a food.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS
What will this herb do for me? ] A ;
When chickweed is applied topically it may soothe inflamed and itchy skin. It is taken L’“‘M" et L
orally as a cough suppressant and expectorant.

How quickly will it work?

In practice, topical preparations are reported to produce symptom relief within

30 minutes; however, there are no controlled trials to confirm this.

Are there any safety issues?

Chickweed can be consumed as a food in salads, cooked as greens or prepared as a
juice; however, the safety of larger intakes is unknown. Used as part of a herbal cream
it is likely to be safe, although it would be wise to do a test patch in a small area
before applying to large areas. The safety of large doses in pregnancy is unknown.
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Chitosan

Historical note With the exception of cellulose, chitin is the most abundant
natural polysaccharide on Earth. It is produced by different crustaceans,
molluscs, insects, algae, fungi and yeasts. Recently, the commercial value of
chitin has increased because of the beneficial properties of its soluble derivatives,
which are used in chemistry, biotechnology, agriculture, food processing,
cosmetics, veterinary science, medicine, dentistry, environmental protection, and
paper or textile production. The most useful chitin derivative is chitosan.

BACKGROUND AND RELEVANT PHARMACOKINETICS
Chitosan is a form of poorly soluble fibre, chemically derived from chitin, which is
extracted from the exoskeletons of crustaceans or squid. It is a cationic polysaccharide
and is in itself a major source of the nutritional supplement glucosamine. Similar to
other forms of fibre, such as oatbran, chitosan is thought to bind bile acids and
dietary lipids. The solubility, biocompatibility and immunological activity and
physicochemical properties of chitosan are altered by its molecular weight and degree
of N-acetylation. The most biologically effective products contain a chitosan fraction
with a low molecular weight, about 8 kD (Synowiecki et al 2003).

The solubility of chitosan increases in the acidic environment of the stomach, but
at a pH above 6.3 (e.g. in the intestines) the amino groups of chitosan and fatty acids, | - ?
bile acids, cholesterol and lipids form a complex (Ylitalo et al 2002), and the resultant L”"’“’”" Gzl ) o
decreased availability of bile acids limits intestinal emulsification and the absorption
of lipids, which are then excreted in the faeces.

CHEMICAL COMPONENTS
Chitosan is a cationic polysaccharide prepared by N-deacetylation of chitin.

DEFICIENCY SIGNS AND SYMPTOMS
Chitosan is not an essential nutrient, so deficiencies do not occur.

MAIN ACTIONS

BINDS TO FAT

As it passes through the digestive tract, chitosan binds to ingested fat, bile acids,

cholesterol and other lipids, preventing their absorption. The complexes that form

between chitosan and various fats are then excreted in the faeces. A human study

investigating whether the effect is clinically significant found that a dose of 4.5 g/day,
© 2007 Elsevier Australia
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taken in divided doses 30 minutes before meals, trapped only negligible amounts of
fat as measured by fat excretion in stools (Gades & Stern 2003).

ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY

Animal studies have identified antibacterial activity against Bifidobacterium and
Lactobacillus, which are part of the normal flora of the intestinal tract (Tanaka et al
1997). Clinical trials with a chitosan mouthwash have shown antibacterial activity
against Streptococcus mutans (Sano et al 2003). Chitosan also inhibits the adhesion
of Candida albicans to human buccal cells and has antifungal activity (Senel et al
2000).

OTHER ACTIONS
Chitosan can also absorb urea and ammonia and generally displays similar actions to
other dietary fibres (Hendler et al 2001).

CLINICAL USE

The most biologically effective products contain a chitosan fraction having a low
molecular weight. Unfortunately, not every clinical study indicates whether low
molecular weight chitosan has been used. Therefore, aside from the usual variables,
discrepant results may be due to differences in the type of chitosan used.

WEIGHT LOSS
Chitosan is widely marketed as a weight-loss aid, primarily due to its ability to bind to
fats and reduce their absorption in the digestive tract.

A Cochrane systematic review published in 2005 analysed the results of 14 ‘ .
randomised studies involving 1131 subjects and concluded that use of chitosan &Mm; Officinalis. £
resulted in a significantly greater weight loss, decrease in total cholesterol and =
decrease in systolic and diastolic blood pressure than placebo (Ni et al 2005). The
studies had a minimum duration of 4 weeks and were conducted with overweight or
obese subjects. In regards to the frequency of adverse events or faecal fat excretion,
no clear differences were observed between the placebo and chitosan groups.
Although encouraging, the authors noted that the quality of the studies was
suboptimal and overall results were variable. A look at the studies of highest quality
suggests that the effects are minimal. The mean trial duration was 8.3 weeks (range
4-24 weeks) and 8 of the 14 studies combined the use of chitosan or placebo with a
low-calorie or weight-reducing diet. Interpretation of the data is not straightforward
because the dose of chitosan used in studies varied considerably, from 0.24 g/day to
15 g/day (mean 3.7 g/day) and six of the studies used treatment preparations that
contained other active ingredients in addition to chitosan. Additionally, the review
excluded some potentially important trials because they did not meet criteria for
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inclusion (e.g. subjects were not enrolled for being overweight but selected for other
reasons).

Previously, a 1998 meta-analysis identified five studies evaluating the effectiveness
of chitosan for the treatment of obesity (Ernst & Pittler 1998). All studies included
were conducted in Italy and published in a single Italian journal over a 2-year period.
They concluded that the mean difference in terms of weight reduction between
chitosan and placebo was approximately 3.3 kg. It is worth noting that these five
studies consistently demonstrated the greatest effects in the 2005 Cochrane
systematic review discussed above, were all of short duration, and four of them also
included other agents in the chitosan preparations.

A later systematic review conducted by Ernst and Pittler, which included five
additional studies, concluded that when these new results were combined with the
previous five from the 1998 meta-analysis, the evidence becomes less compelling and
raised doubts about the effectiveness of chitosan in weight loss (Pittler & Ernst 2004).

Clearly, further well-reported research is required, using longer time frames and
clearly stating the composition of the chitosan preparations.

HYPERLIPIDAEMIA

The ability of chitosan to form complexes with various fats, including cholesterol,
provides a theoretical basis for its use in hyperlipidaemia. Dietary chitosan has been
tested and found to be effective in reducing serum cholesterol levels and atheroscler-
osis in normal and diabetic mice, and therefore has been investigated in the
treatment of hypercholesterolaemia in humans (Muzzarelli 1999). i !

A 2002 review states that in humans, dietary chitosan reduces serum total u,,,m, Offfcinalic.
cholesterol levels by 5.8-42.6% and LDL levels by 15.1-35.1% (Ylitalo et al 2002). =
Based on these figures, the effects of chitosan range from mild to moderate and
appear to be inconsistent for total cholesterol. More specifically, lowering of LDL-
cholesterol is more consistent, whereas little effect is seen on plasma triglyceride
concentration, according to several different experimental and human studies
involving obese or diabetic subjects or people with mild to moderate
hypercholesterolaemia (Bokura & Kobayashi 2003, Tai et al 2000, Wuolijoki et al
1999, Yihua & Binglin 1997).

Reduction in LDL-cholesterol was evident after 4 weeks’ treatment with a
microcrystalline chitosan (1.2 g twice daily) according to one double-blind study
(Wuolijoki et al 1999) and after 8 weeks' treatment using a low dose of 1.2 g/day of
chitosan in another double-blind study (Bokura & Kobayashi 2003). However, not all
studies have produced positive results. One double-blind study found no effect with
1.5 g chitosan tablets taken three times daily (Zahorska-Markiewicz et al 2002).
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The electrically neutral nature of triglycerides may mean that chitosan is unable to
form complexes with it, and therefore is unable to influence its absorption.

DENTAL PLAQUE PREVENTION

Considering that chitosan has antibacterial activity against Streptococcus mutans and
antifungal action against Candida albicans, it has been added to mouthwashes and
gels for dental use. One randomised, crossover clinical trial involving 24 volunteers
found that rinsing with a mouthwash containing 0.5% chitosan for 14 days was
significantly more effective in reducing plaque formation than placebo (Sano et al
2003).

KIDNEY FAILURE

One open study of 80 patients with renal failure undergoing haemodialysis found
that 1350 mg of chitosan taken three times daily effectively reduced total serum
cholesterol levels (from 10.14 = 4.40 mmol/Lto 5.82 = 2.19 mmol/L) and

increased serum haemoglobin levels (from 58.2 = 12.1 g/L to 68 = 9.0 g/L) (Jing et al
1997). After 4 weeks, significant reductions in serum urea and creatinine levels were
observed. After 12 weeks, patients reported subjective improvements, such as feeling
physically stronger, increased appetite and improved sleep, which were also
significantly greater than the placebo group. Importantly, during the treatment
period, no clinically problematic symptoms were observed.

WOUND HEALING — TOPICAL USE

Chitosan is applied to burns and wound dressings in the form of films, bandages,
cotton-like materials, and non-woven napkins. These dressings have good hydro-
scopicity, show high bacteriostatic effect, and are completely biodegradable in the
human body. Another significant advantage is that repeated dressings are usually not
needed (Synowiecki et al 2003). Topical application of chitosan enhances wound
healing and has been used to promote donor-site tissue regeneration in plastic
surgery. Its use is supported by findings that indicate chitosan accelerates the
reformation of connective tissue (Ueno et al 2001).

OTHER USES

DRUG DELIVERY SYSTEMS
Chitosan is considered a good carrier for the controlled release of drugs over an
extended period of time. (Synowiecki et al 2003). Additionally, it has been shown to
excel in transcellular transport.
Chitosan is also used as a component of different cosmetics, toothpaste, hand and Chitosan 233
body creams, and hair-care products (Synowiecki et al 2003).
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DOSAGE RANGE
e The standard dose of chitosan is 3-6 g/day, taken with food.

ACCORDING TO CLINICAL STUDIES

o Weight loss: 3.0-4.5 g taken daily in divided doses, 30 minutes before meals.
o Hyperlipidaemia: 1.2-4.5 g/day in divided doses.

e Dental plaque prevention: rinse daily with mouthwash containing 0.5%.

e Renal failure: 1.35 g taken three times daily.

ADVERSE REACTIONS

A systematic review of 14 randomised studies found that the most common side-

effects reported were constipation, nausea, bloating, indigestion and abdominal pain

(Ni et al 2005). Increased water consumption may reduce some of these side-effects.
Overall, chitosan is considered very safe and well tolerated according to safety

studies in experimental models (Kim et al 2001).

SIGNIFICANT INTERACTIONS

FAT SOLUBLE NUTRIENTS

Considering chitosan binds to dietary fats and reduces their absorption, chitosan can
also affect the absorption of fat-soluble vitamins. However, the effect is dose-
dependent as one study using a dose of 2 g/day found no changes to the levels of
vitamins A, D, E and beta-carotene after 4 weeks’ use (Pittler et al 1999). As a
precautionary measure, a multivitamin supplement should be considered for all
individuals taking long-term chitosan.

LIPOPHILIC DRUGS
Considering chitosan binds to dietary fats and reduces their absorption, chitosan can
also affect the absorption of lipophilic drugs. Separate doses by at least 2 hours.

VITAMIN C
According to a preliminary study in rats, taking vitamin C together with chitosan
might provide additional benefit in lowering cholesterol.

CONTRAINDICATIONS AND PRECAUTIONS
Chitosan is contraindicated in people with allergies to shellfish.

PREGNANCY USE
Pregnant women should avoid chitosan as it may reduce absorption of essential
dietary nutrients.

© 2007 Elsevier Australia
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PRACTICE POINTS/PATIENT COUNSELLING

e Chitosan is a form of poorly soluble fibre, chemically derived from chitin, which is
extracted from the exoskeletons of crustaceans or squid. The most biologically
active forms have a low molecular weight.

o |t forms insoluble complexes with dietary fats, fatty acids, bile acids, cholesterol
and other lipids in the digestive tract and has antibacterial and antifungal activity
that is useful in dental hygiene.

e Chitosan is a popular weight-loss supplement. Clinical studies have produced
mixed results; however, best effects occur when chitosan is used over several
months and combined with dietary and lifestyle modifications.

e Overall, evidence generally supports its use in hyperlipidaemia as it reduces serum
levels of total cholesterol and LDL levels, but it has little effect on triglyceride levels.

e Chitosan is contraindicated in people with allergies to shellfish and should be
recommended together with a multivitamin supplement with long-term use.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

Taken orally, chitosan may aid in weight loss when combined with dietary and
lifestyle modifications and reduce cholesterol levels.

When will it start to work?

Effects in weight loss require at least 8 weeks’ continual use before effects are seen,
according to research, whereas cholesterol lowering requires 4-8 weeks.

Are there any safety issues?

Chitosan is contraindicated in people with allergies to shellfish.
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Chondroitin

OTHER NAMES
Chondroitin sulfate, chondroitin sulfuric acid, chondroitin 4-sulfate, chondroitin 4-
and 6-sulfate

BACKGROUND AND RELEVANT PHARMACOKINETICS

Chondroitin sulfate is an amino sugar polymer, made up of glucuronic acid and
galactosamine, that is in the class of large polymers known as glucosaminoglycans or
mucopolysaccharides. These compounds act as the flexible connecting matrix
between the protein filaments in cartilage and connective tissue (Liesegang 1990).
Chondroitin is manufactured from natural sources, such as shark and bovine (usually
tracheal) cartilage and may have a molecular weight that varies from 10 to 50 kD,
depending on the product’s source or preparation (Ross 2000).

There are differences in the absorption and bioavailability of chondroitin
formulations due to differences in molecular mass, charge density, and cluster of
disulfated disaccharides of the parental molecules (Volpi 2003). Low-molecular-
weight chondroitin appears to be absorbed orally in both animals and humans
(Adebowale et al 2002, Du et al 2004) and displays accumulation after multiple
dosing (Adebowale et al 2002).

Chondroitin is concentrated in the intestine, liver, kidneys, synovial fluid and
cartilage (Conte et al 1995) and the elimination half-life is about 5-6 hours, with - Y .

40-50% being excreted in the urine (Conte et al 1991, Ronca & Conte 1993). Oral uﬂ’{”& Uikt _ _J
chondroitin is absorbed as several metabolites, and as the active moiety has not yet

been identified it is difficult to establish bioequivalence between different products

(Volpi 2003).

CHEMICAL COMPONENTS

Chondroitin sulfate is a linear polymer of two alternating sugars, alpha-p-N-
acetylglactosamine and beta-p-glucuronic acid, with the sulfate moiety being a
covalent part of the molecule and not a counter ion as is the case with glucosamine
sulfate (Ross 2000).

FOOD SOURCES

Chondroitin is naturally present in the gristle in meat. As a supplement it is generally

produced from natural sources, such as shark or bovine (usually tracheal) cartilage or Chondroitin 237
can be manufactured in the laboratory using various methods. The purity and content
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of products has been questioned in the USA, where it is regarded as a nutritional
supplement and its quality is unregulated (Consumer-labs 2).

MAIN ACTIONS

CHONDROPROTECTIVE EFFECT
Chondroitin appears to protect cartilage by providing it with the raw material
required for repair, as well as inhibiting the enzymes in synovial fluid, such as elastase
and hyaluronidase, that damage joint cartilage. It improves chondrocyte nutrition by
increasing hyaluronic acid production in articular cells (Raoudi et al 2005) and hence
the fluid content of the extracellular matrix (Sasada et al 2005), which not only acts as
a shock absorber but also brings nutrients into the cartilage (Krane & Goldring 1990).
The overall chondroprotective effect of chondroitin has been demonstrated in
animal models, whereby oral or intramuscular chondroitin sulfate has been shown to
protect rabbit articular cartilage from experimental chymopapain injury (Uebelhart et
al 1998a) and inhibit the destruction of the cartilage extracelluar matrix (Sumino et al
2005). The chondroprotective action of chondroitin has been found to be potentiated
by high sulfur mineral water in an animal model of osteoarthritis (Caraglia et al 2005).

ANTI-INFLAMMATORY

Chondroitin exerts an anti-inflammatory action with an inhibitory effect over
complement (Pipitone 1991). In an in vitro study of bovine cartilage, chondroitin
alone and in combination with glucosamine was found to regulate gene expression
and synthesis of NO and PGE,, suggesting a basis for its anti-inflammatory properties
(Chan et al 2005). Chondroitin sulfate has been found to increase the levels of

antioxidant enzymes and reduce inflammation and cirrhosis of liver tissue in an u/m{&; sl B
ovariectomised rat model, suggesting that it enhances antioxidant activity (Ha 2004).
VISCOELASTIC AGENT

Chondroitin sulfate is a viscoelastic agent and together with similar substances such
as sodium hyaluronate and hydroxypropylmethylcellulose, it is used in ophthalmic
surgery to protect and lubricate cells and tissues (Larson et al 1989, Liesegang 1990).

OTHER ACTIONS
There are suggestions from laboratory studies and uncontrolled human trials that
chondroitin may have potential anti-atherogenic properties (Morrison 1969, 1971,
Morrison & Enrick 1973).
It has been found that serum levels of chondroitin sulfate are increased in patients
with RA or OA and this may provide the basis for systemic detection of OA Chondroitin 238
(Pothacharoen et al 2006).
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CLINICAL USE

OSTEOARTHRITIS: SYMPTOM CONTROL AND RETARDING DISEASE
PROGRESSION

Chondroitin sulfate appears to produce a slow but gradual reduction of the clinical
symptoms of OA. Multiple human clinical trials lasting from a few weeks to 3 years
have shown that chondroitin sulfate can significantly alleviate symptoms of pain and
improve function in patients with OA of the knee (Bourgeois et al 1998, Bucsi & Poor
1998, Fioravanti et al 1991, Lazebnik 2005, Mazieres et al 2001, Morreale et al 1996,
Oliviero et al 1991, Rovetta 1991) and that these effects last months after the
cessation of treatment (Mazieres et al 2005), as well as being evident with
intermittent treatment (Uebelhart et al 2004).

A meta-analysis of 7 trials of 372 patients taking chondroitin sulfate found at least
50% improvement in pain and function in the chondroitin sulfate group compared
with placebo (Leeb et al 2000). A meta-analysis of 15 trials of the use of glucosamine
and/or chondroitin raised quality issues about many studies, but found moderate to
large clinical effects from these agents, suggesting that they do have efficacy in
treating OA (McAlindon et al 2000).

There is also evidence from double-blind clinical trials that chondroitin can reverse,
retard or stabilise the pathology of OA (Volpi 2005), as evidenced by stabilisation of
the joint space (Uebelhart et al 1998b), less progression of erosions (Rovetta et al
2002, Verbruggen et al 1998) and improved articular cartilage thickness (Pipitone et
al 1992) and interarticular space, as observed by X-rays (Conrozier 1998, Michel et al
2005, Uebelhart et al 2004). A subanalysis of patients involved in the GAIT study (see . h “7
below and Glucosamine monograph) further suggests that chondroitin sulfate may ~ L_“"““*  dsaisls ] |
have differential effects on OA symptoms depending on the degree of radiographic
involvement, and that chondroitin may provide improvements in knee pain in patients
with relatively early radiographic disease (Clegg et al 2005).

Comparisons with NSAIDs Although chondroitin appears to be at least as

effective as NSAIDs in treating the symptoms of OA (Fioravanti et al 1991, Morreale et

al 1996), it has a slower onset of action, taking 2-4 months to establish an effect

(Leeb et al 2000, Morreale et al 1996). Chondroitin may, however, provide benefits

that persist after treatment is stopped (Mazieres et al 2001, Morreale et al 1996).

Combined use of chondroitin sulfate and glucosamine sulfate Chondroitin

and glucosamine are frequently marketed together in combination products and

some studies suggest that this combination is effective in treating symptoms (Das &

Hammad 2000, Leffler et al 1999, McAlindon et al 2000, Nguyen et al 2001) and Chondroitin 239
reducing joint space narrowing (Rai et al 2004). These findings are supported by an in
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vitro study on horse cartilage that found that a combination of glucosamine and
chondroitin was more effective than either product alone in preventing articular
cartilage glycosaminoglycan degradation (Dechant et al 2005), as well as an in vivo
study on rats that found that the combined treatment prevented the development of
cartilage damage and was associated with a reduction in IL-1-beta and matrix
metalloprotease-9 synthesis (Chou et al 2005). The recent GAIT trial (see Glucosamine
monograph) provides further evidence that glucosamine and chondroitin are more
effective when given in combination than when either substance is given alone, with
the combined treatment being more effective than the COX-2 inhibitor celecoxib for
treating moderate to severe arthritis compared with chondroitin alone (Clegg et al
2006).

A small RCT has suggested that the addition of high-molecular-weight
hyaluronate to glucosamine and chondroitin may provide additional benefits to the
use of glucosamine and chondroitin alone (Bucci et al 2005).

Topical preparations A topical preparation containing chondroitin with
glucosamine and camphor has been shown to reduce pain from OA of the knee in
one RCT (Cohen et al 2003).

OTHER USES

HEART DISEASE

There are suggestions that chondroitin in doses of up to 10 g/day may have anti-
atherogenic actions, beneficial effects on serum lipid levels and may be useful for
reducing the risk of myocardial infarction (Morrison 1969, 1971, Morrison & Enrick . .
1973, Morrison et al 1969). um(&; Gficinalic L

SNORING
The results of a pilot crossover study of seven subjects suggest that chondroitin
sulfate instilled into the nostril at bedtime may reduce snoring (Lenclud et al 1998).

OPHTHALMIC SURGERY AND DRY EYES

Chondroitin sulfate is used as a viscoelastic substance to protect and lubricate cells
and tissues during ophthalmic surgery, as well as to preserve corneas before
transplantation (Larson et al 1989, Liesegang 1990). In a double-blind crossover
study of 20 subjects, 1% chondroitin sulfate was found to be equally as effective as
polyvinyl alcohol artificial tear formulation and 0.1% hyaluronic acid in reducing
itching, burning and foreign body sensation in people with keratoconjunctivitis sicca
(Limberg et al 1987).

Chondroitin 240
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PSORIASIS

It has been found that some patients with psoriasis experience a significant clinical
and histological improvement in their psoriatic lesions after taking chondroitin to
treat their OA (Verges 2005, Verges et al 2004).

DOSAGE RANGE

e Oral doses of chondroitin range from 800-1200 mg/day in either single or divided
doses. Intramuscular, intravenous and topical forms are also available.

e A4-5-month trial is generally used in order to determine whether it is effective for
an individual patient.

ADVERSE REACTIONS
Chondroitin is generally deemed to be extremely safe, with the incidence of adverse
reactions being comparable to placebo in studies lasting from 2 months to 6 years
(Bourgeois et al 1998, Bucsi & Poor 1998, Leeb et al 2000, McAlindon et al 2000,
Uebelhart et al 1998b).

Oral chondroitin may cause mild gastrointestinal disturbance.

While there is a theoretical risk of anticoagulant activity, this has not been
demonstrated in clinical trials (Chavez 1997).

SIGNIFICANT INTERACTIONS
Controlled studies are not available; therefore, interactions are based on evidence of
activity and are largely theoretical and speculative.

ANTICOAGULANTS : g
Additive effect theoretically possible — observe patient. umm; Qfeinalis. £ |
NSAIDS

Chondroitin may enhance drug effectiveness, suggesting a beneficial interaction is
possible — drug dosage may require modification.

CONTRAINDICATIONS AND PRECAUTIONS
@ Due to theoretical anticoagulant activity, chondroitin should be used in caution in
people with clotting disorders.

Some forms of chondroitin are produced from bovine (usually tracheal) cartilage,
so it is theoretically possible that it may be a source of transmission of bovine
spongiform encephalopathy (mad cow disease) and other diseases. This transmission
has not been demonstrated and is deemed unlikely.

PREGNANCY USE . . _ _ Chondroitin 241
Insufficient reliable information available to advise on safety in pregnancy.
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PRACTICE POINTS/PATIENT COUNSELLING

e Chondroitin is a naturally occurring building block of joint tissue and cartilage.
Supplements are made from shark cartilage or bovine tracheal cartilage.

e Chondroitin is generally considered effective in treating the pain and disability of
osteoarthritis and may act to slow disease progression, although it may take some
weeks before a clinical effect is evident.

e Itis considered extremely safe and may reduce the need for NSAIDs, which can
have serious side-effects.

e There may be benefits in taking chondroitin in conjunction with glucosamine for
treating arthritis.

e Patients undergoing anticoagulant therapy or with clotting disorders should have
their blood clotting monitored while taking chondroitin.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

Multiple scientific studies have shown that chondroitin sulfate reduces symptoms of
OA and may also reduce further progression of the condition. Some people find that
they do not require NSAIDs as often when taking it.

When will it start to work?

Symptom relief takes 2-4 months to reach maximal effect, but protection effects on
the joints occur only with long-term use of several years.

Are there any safety issues?

Generally considered a very safe treatment and far safer than pharmaceutical anti-
inflammatory drugs; however, it should be used with caution by people with clotting
disorders or taking anticoagulants.
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Chromium

Historical note In the 1950s, researchers identified the role of chromium in
insulin and glucose control (Shwarz & Mertz 1959). The importance of
chromium was validated in 1977 when a woman on long-term TPN, without
chromium, developed symptoms of diabetes that could not be controlled by
insulin. After further investigation it was noted that she was deficient in
chromium and when < 50 ug was added to her TPN solution, symptoms
resolved. This led to the US FDA listing chromium as an essential trace nutrient
(Edmonson 2002). However, problems in elucidating the effects of chromium
supplementation persist, due to a lack of practical methods for diagnosing
deficiency (Mertz 1998).

BACKGROUND AND RELEVANT PHARMACOKINETICS
Absorption of chromium occurs by passive diffusion and is inversely related to dietary
intake (e.g. from a dose of 10 ug, 2% is absorbed; from a dose of 40 ug, 0.5% is
absorbed) (Anderson & Kozlovsky 1985). Absorption may be inhibited by zinc (Hahn
& Evans 1975) and phytates, and enhanced by oxalate (Bryson & Goodall 1983) and
ascorbic acid (Offenbacher 1994). In regard to supplements, chromium picolinate
appears to be the most absorbable form as the complexation of picolinic acid with
chromium increases its bioavailability (Edmonson 2002, Press et al 1990). i

Chromium is transported around the systemic circulation primarily by transferrin L”"’“’”" e ) |
(Campbell et al 1997) potentially competing with iron, and accumulates in kidney,
muscle and liver (Hepburn & Vincent 2003). It is excreted primarily in urine, but small
amounts are lost in hair, perspiration and faeces.

CHEMICAL COMPONENTS

Chromium exists mostly in two valence states in nature: hexavalent chromium
(chromium (V1)) and trivalent chromium (chromium (lll)). The hexavalent form is used
in industry and is associated with toxicity. Trivalent chromium is an essential trace
element in the human body and approved as a supplement.

Supplemental forms used in trials include organic chromium complexes such as
chromium picolinate and chromium nicotinate and inorganic salts such as chromium
chloride. Nicotinic acid is also a metabolite of tryptophan improving its absorption;
however, the picolinate form is the one surrounded by the most controversy.
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FOOD SOURCES
Brewer's yeast, wholegrain breads and cereals, cheese, eggs, bananas, spinach,
mushrooms, broccoli, organ meats and processed meat products.

DEFICIENCY SIGNS AND SYMPTOMS

PRIMARY DEFICIENCY

Symptoms of weight loss, glucose intolerance and neuropathy have been noted in
patients on TPN deficient in chromium (Verhage et al 1996). Deficiency may also be a
precursor to the development of insulin resistance, and thus associated with
hyperglycaemia, hypoglycaemia and obesity. Up to 90% of USA diets have been
found to be below the minimum suggested safe and adequate daily intake for
chromium of 50 ug/day (Anderson & Kozlovsky 1985).

SECONDARY DEFICIENCY

Factors that may exacerbate deficiency, generally by increasing requirements for or
urinary excretion of chromium, include pregnancy, excessive exercise, infection,
physical trauma and stress (Anderson 1986). Diets high in simple sugars have been
found to increase urinary chromium excretion up to 30-fold, thereby increasing the
risk of deficiency (Kozlovsky et al 1986). Corticosteroids also increase urinary losses of
chromium (Kim et al 2002).

Clinical note — Problems testing for chromium deficiency

Currently, testing for chromium deficiency involves serum testing. This is problem-
atic as it is still uncertain whether serum levels correlate with tissue levels and, !
therefore, are truly representative of nutritional status. Studies have shown that um(&; Offcinalis. &
subjects with widely varying plasma chromium levels respond favourably to -
chromium supplementation, suggesting that this marker is misleading (Bahijri
2000). As a consequence, serum tests should not be solely relied upon, leaving the
diagnosis of marginal deficiency up to a practitioner’s clinical suspicion. Other tests
have been proposed such as toenail chromium concentration (Guallar et al 2005)
and urinary chromium response to glucose load (Bahijri & Mufti 2002), as
conditions that increase circulating glucose and insulin concentrations increase
urinary chromium output (Vincent 2004); however, further research is required to
confirm the validity of these tests.

MAIN ACTIONS

IMPORTANT COFACTOR IN MANY BIOCHEMICAL REACTIONS

Chromium is an essential trace mineral required for carbohydrate, lipid, protein and

corticosteroid metabolism (Kim et al 2002). It is a key constituent of glucose tolerance
© 2007 Elsevier Australia
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factor, together with nicotinic acid and the amino acids cysteine, glycine and
glutamic acid.

IMPROVES BLOOD SUGAR CONTROL (CARBOHYDRATE METABOLISM AND
INSULIN SENSITIVITY)

Trivalent chromium is an essential trace element for normal carbohydrate metabolism
and insulin sensitivity (Wilson & Gondy 1995), aiding the transport of glucose into
cells. Rather than increasing insulin secretion, chromium appears to improve
glycaemic control by enhancing the action of insulin; improving the ability of insulin
to bind to cells; enhancing beta-cell sensitivity; increasing the number of insulin
receptors; and activating insulin receptor kinase, thus increasing insulin sensitivity
(Anderson 1997, Edmonson 2002). Additionally, in vitro studies have shown that
chromium inhibits the secretion of TNF-alpha, a cytokine known to reduce the
sensitivity and action of insulin, and that this appears to be mediated by its
antioxidant effects (Jain & Kannan 2001).

LIPID-LOWERING ACTIVITY

Although the mechanism of action is yet to be fully explained, studies show that
chromium supplementation may decrease triglyceride levels, total and LDL-cholesterol
and modestly increase HDL-cholesterol (Bahijri 2000, Lee & Reasner 1994, Press et al
1990, Preuss et al 2000).

ANTIDEPRESSANT/NEUROTRANSMITTER EFFECTS

Depression is often associated with insulin resistance, owing to cortisol overpro-
duction (McCarty 1994). The reputed antidepressant effects of chromium may be
explained by improvements in insulin sensitivity (Davidson et al 2003) and related
increases in tryptophan availability and/or noradrenaline release (McLeod & Golden
2000). Chromium has also been shown to lower the cortisol response to challenge
with 5-hydroxy-L-tryptophan (5-HTP) and decrease the sensitivity of 5-HT, 4 receptors
(Attenburrow et al 2002).

OTHER ACTIONS

IMMUNOMODULATION

A review detailing the effects of chromium on the immune system found that
chromium has both immunostimulatory and immunosuppressive effects, as shown by
its effects on T and B lymphocytes, macrophages and cytokine production
(Shrivastava et al 2002).
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BONE DENSITY PROTECTION

It has been suggested that modulation of insulin by chromium may have positive
effects on bone density, reducing bone resorption and promoting collagen pro-
duction by osteoblasts (McCarty 1995). One placebo-controlled study using chro-
mium picolinate (equivalent to 200 ug chromium/day for 60 days) has shown a 47%
reduction in the urinary hydroxyproline:creatinine ratio, indicating a decrease in
calcium excretion and a potential role in the prevention of osteoporosis (Evans et al
1995).

ANTIOXIDANT

A placebo controlled trial using 1000 ug/day of chromium (as chromium yeast) for
6 months found chromium supplementation an effective treatment in reducing
oxidative stress in type 2 diabetes patients with severe hyperglycaemia (HbA1c
>8.5%); however, it may act as a pro-oxidant in euglycaemic people (Cheng et al
2004).

INCREASES DEHYDROEPIANDROSTERONE

In a placebo-controlled trial, chromium picolinate (equivalent to 200 ug chro-
mium/day for 60 days) increased dehydroepiandrosterone by 24% in postmenopausal
women (Evans et al 1995).

CLINICAL USE

Supplemental forms used in trials include organic chromium complexes, such as
chromium picolinate and chromium nicotinate, and inorganic salts such as chromium
chloride. Considering chromium is known to improve insulin sensitivity, a theoretical
basis exists for its use in conditions associated with insulin resistance such as type 2
diabetes mellitus, gestational diabetes, hypoglycaemia, polycystic ovarian syndrome,
obesity, and syndrome X. For many of these indications, controlled studies are not yet
available. However, there has been investigation into its use in diabetes,
hypoglycaemia, hyperlipidaemia and obesity.

DEFICIENCY STATES — PREVENTION AND TREATMENT

Although chromium deficiency is uncommon (Vincent 2004) and mostly described in
relation to the use of TPN without chromium, subclinical deficiency states also exist
and should respond to supplementation (Verhage 1996). Chromium supplemen-
tation is also used in cases at risk of deficiency, such as long-term corticosteroid use
(Kim et al 2002) or people with a high sugar intake (Kozlovsky et al 1986).
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DIABETES

Results of RCT on the use of varying forms of chromium for glucose and insulin
regulation in healthy subjects and in individuals with glucose intolerance or type 2
diabetes have produced contradictory results (Althuis et al 2002, Frauchiger et al
2004, Gunton et al 2005). Overall, it appears that positive results are more likely in
persons with known glycaemic aberrations rather than in healthy subjects; however,
the response to chromium is difficult to predict.

Although it is uncertain why this is the case, the varying responses of glucose and
lipid regulation may be partly explained by variations in pretreatment chromium and
iron status, and phenotypic characteristics of the studied individuals.

Type 2 diabetes mellitus (non-insulin-dependent) Results have shown that
chromium supplementation appears to be more effective in patients with type 2
diabetes than type 1 (Ravina & Slezack 1993). A 2003 review determined that
‘chromium appears to be a safe supplement and may have a role as adjunctive
therapy for treatment of type 2 diabetes’ (Ryan et al 2003).

Patients with early-stage type 2 diabetes of less than 2 years' duration were found
to have lower chromium plasma levels (33%) and increased chromium excretion
(100%) compared with healthy controls. Over a period of time this may contribute to
the development of the insulin resistance seen in these patients (Morris et al 1999).

The most promising RCT to date tested chromium picolinate at doses of both 200
and 1000 ug/day in subjects with type 2 diabetes who were instructed to maintain
their current medications, diet and lifestyle habits. HbA;_ values (a marker of long-
term glycaemic control) improved significantly in the higher treatment group after i 5
2 months and in both groups after 4 months’ treatment. Fasting glucose was lower in L’“‘M" e
the 1000 ug group after 2 and 4 months (4-month values: 7.1 = 0.2 mmol/L vs
placebo 8.8 = 0.3 mmol/L). Two-hour glucose values were also significantly lower in
the 1000 ug group after both 2 and 4 months (4-month values: 10.5 + 0.2 mmol/L
vs placebo 12.3 = 0.4 mmol/L). Fasting and 2-hour insulin values decreased signifi-
cantly in both groups receiving supplemental chromium after 2 and 4 months.

Plasma total cholesterol also decreased in the subjects receiving 1000 ug chromium

after 4 months (Anderson et al 1997). A double-blind, placebo-controlled crossover

study using 400 ug for 12 weeks in diabetics known to have lower serum chromium

levels than the healthy controls (Ghosh et al 2002) produced positive results, but a

shorter randomised, double-blind placebo-controlled study using 1000 ug for only

8 weeks was not positive (Amato et al 2000). These results not only suggest that

improvements are dose-related but are also affected by treatment duration and Chromium 250
possibly initial chromium status. A controlled trial of elderly patients with diabetes
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(average age 73 years) reported that supplementation with chromium (200 ug twice

daily) for 3 weeks improved fasting blood glucose, HbA;, and total cholesterol levels

(Rabinovitz et al 2004), suggesting lower doses may be effective in older patients.
Studies using chromium nicotinic acid have proven more promising with higher

doses of nicotinic acid (100 mg/day) (Urberg & Zemel 1987) than those with low-

dose nicotinic acid (1.8 mg) (Thomas & Gropper 1996), demonstrating a synergistic

effect with chromium (200 ug/day).

Type 1 diabetes mellitus (insulin-dependent) As chromium appears to improve

insulin sensitivity rather than secretion its use in type 1 diabetes is probably limited

(Edmondson 2002). One study did show reduced requirements for medication in

33.6% of patients with type 1 diabetes taking 200 ug chromium/day (Ravina &

Slezack 1993), and another showed a 30% reduction in insulin requirements in 71%

of subjects at the same dose (Ravina et al 1995), but as yet it is unclear which patients

might respond to treatment.

Gestational diabetes Pregnancy can be described as an increased insulin resist-

ance state, which may result in gestational diabetes if the pancreas is unable to

increase insulin levels to maintain blood glucose balance (Jovanovic & Peterson 1996).

As such, the beneficial effect of chromium on insulin sensitivity provides a theoretical

basis for its use in this condition. A small placebo-controlled trial using 4 or 8 ug/kg of

chromium daily in gestational diabetes found a significant dose-dependent improve-

ment in fasting insulin, 1-hour insulin and glucose, and postprandial glucose levels

after 8 weeks' supplementation (Jovanovic et al 1999).

Corticosteroid-induced diabetes mellitus  Human trials have shown that . ! ‘

corticosteroid use significantly increases urinary chromium excretion. Supplemen- il Ao ] =

tation with chromium picolinate (equivalent to 600 ug chromium/day) in patients

experiencing steroid-induced diabetes resulted in decreased fasting blood glucose

values (from > 13.9 mmol/L to < 8.3 mmol/L). Furthermore, hypoglycaemic medi-

cations were also reduced by 50% in all patients within 1 week (Ravina et al 1999).

Prevention of long-term diabetic complications Both QTc interval pro-

longation and chronic hyperinsulinaemia have been associated with atherosclerosis

progression and increased cardiovascular morbidity in patients with type 2 diabetes.

In a crossover trial of 60 subjects, chromium picolinate (1000 ug/day) for 3 months

was shown to reduce both QTc interval duration and plasma insulin levels (Vrtovec et

al 2005), probably by reducing the adrenergic activation of the sympathetic nervous

system due to hyperinsulinaemia. Benefits were most significant in obese patients

with higher peripheral insulin resistance (Vrtovec et al 2005). Chromium 251
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Animal studies have found that chromium supplementation in mice with type 2
diabetes reduces the symptoms of hyperglycaemia and improves the renal function by
recovering renal chromium concentration (Mita et al 2005, Mozaffari et al 2005)
which may hold promise for human trials investigating the potential role of chromium
in reducing the incidence of diabetic nephropathy.

HYPOGLYCAEMIA
Eight patients with reactive hypoglycaemia were given chromium chloride (equivalent
to 200 g chromium) for 3 months in a double-blind crossover study. Chromium
supplementation significantly improved blood sugar regulation, insulin binding to
receptors and red blood cells, and alleviated symptoms of hypoglycaemia (Anderson
et al 1987).

A double-blind crossover study using chromium chloride (equivalent to
200 ug/day elemental chromium) for 8 weeks found a significant improvement in
glycaemic control in subgroups where the 2-hour glucose level was > 10% above or
below the fasting level (Bahijri 2000). In these subgroups chromium supplementation
resulted in a 2-hour mean not significantly different to the fasting mean, suggesting
an amphoteric effect on glycaemic control.

HYPERLIPIDAEMIA
Trials yielding both positive and negative results for supplemental chromium in
hyperlipidaemia have been reported.
Currently, it is unclear what circumstances or conditions and type of subjects are
most likely to respond to treatment, so in practice a treatment trial period is often A
used to establish usefulness in individual patients. il i
A placebo-controlled trial using chromium tripicolinate (equivalent to 200 ug
chromium/day) for 42 days found a reduction in total cholesterol, LDL and
apolipoprotein B (the major protein of the LDL fraction) with a slight increase in HDL
and a significant increase in apolipoprotein A1 (the major protein of the HDL fraction)
(Press et al 1990). Another RCT of 40 hypercholesterolaemic subjects found that
chromium polynicotinate (equivalent to 200 ug elemental chromium) twice daily for
2 months decreased total (10%) cholesterol and LDL-cholesterol (14%) (Preuss et al
2000).
A prospective, double-blind, placebo-controlled crossover study was performed
with 30 subjects with type 2 diabetes. Triglyceride levels were significantly reduced
(17.4%) and HDL levels increased during the 2 months’ chromium picolinate
supplementation (Lee & Reasner 1994). This is further supported by other trials Chromium 252
(Bahijri 2000).
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Another double-blind, placebo-controlled randomised study of young, non-obese
adults taking chromium nicotinate (equivalent to 220 ug elemental chromium) for
90 days found no statistically significant differences in lipid levels (total cholesterol,
HDL-cholesterol, LDL-cholesterol, triglycerides) at this dose (Wilson & Gondy 1995).
Similar results were found in older, non-obese subjects taking 1000 ug chromium
picolinate for 8 weeks (Amato et al 2000) suggesting that subjects without identified
pre-existing hypercholesterolaemia or other conditions predisposing them to
hypercholesterolaemia may not respond to treatment. However, a prospective,
double-blind, placebo-controlled crossover study of mostly hispanic patients with
type 2 diabetes also elicited disappointing results, finding that only triglyceride levels
were significantly reduced (17.4%) (Lee & Reasner 1994).

OBESITY

As chromium has a role in maintaining carbohydrate and lipid metabolism, and
potentiating insulin action, it has been suggested that chromium supplementation
may have effects on body composition, including reducing fat mass and increasing
lean body mass (Vincent 2003).

A meta-analysis of RCT concluded that chromium picolinate elicited a relatively
small effect compared with placebo for reducing body weight (Pittler et al 2003). One
study, however, did show promising results using 200 ug chromium bound to niacin
three times daily (total 600 ug/day) with moderate exercise. At these high doses,
while overall reduction in body weight was similar for both the chromium and
placebo groups, total fat loss was more significant in the chromium group, ‘ .
suggesting a muscle sparing effect (Crawford et al 1999). um&, Offpcinalis. &

ATYPICAL DEPRESSION

A placebo-controlled double-blind study of chromium picolinate (600 ug/day) for

8 weeks was conducted in 15 patients with DSM-IV major depressive disorder,
atypical type. Seven (70%) of 10 patients receiving chromium picolinate and none of
the placebo group responded to treatment. Six subjects in the chromium group also
experienced remission compared with none in the placebo group. However, a
significant difference was not detected in the Hamilton Depression Scale at the end of
treatment (Anon 2003, Davidson et al 2003).

OTHER USES

While controlled trials are yet to be conducted or are inconclusive in some cases,
chromium is also used in the following conditions, based on a theoretical
understanding of its pharmacological actions.
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RESISTANCE TRAINING

Studies in female athletes have shown no effect on body composition or muscle
strength following supplementation of 500 ug chromium picolinate daily during

6 weeks of resistance training (Livolsi et al 2001). In a clinical trial of older women a
high-dose chromium picolinate supplement did not affect body composition, skeletal
muscle size or maximal strength above that of resistance training alone (Campbell et
al 2002). A meta-analysis of trials of dietary supplements for enhancing lean muscle
mass and strength during resistance training did not support the use of chromium for
this purpose (Nissen & Sharp 2002).

POLYCYSTIC OVARIAN SYNDROME

The relationship between PCOS and insulin resistance provides a theoretical basis for
the use of chromium in this condition. A small study has found that chromium
picolinate (200 ug/day) appears to improve glucose tolerance but not ovulatory
frequency in women with polycystic ovary syndrome (Lucidi et al 2005). Larger studies
are required to investigate the potential benefits of chromium supplementation in
this population.

SYNDROME X

Syndrome X highlights the link between insulin resistance and lipid profiles. As a
number of studies have proved promising in regard to both these factors, a
theoretical basis exists for the use of chromium in this condition. Furthermore, the
presence or absence of this syndrome may explain why studies have shown varying
responses to treatment with chromium in the past and may provide direction for ‘

more consistent trial results in future studies. Lf:im(‘a!;: Gfecinales. 2

PREVENTION OF MYOCARDIAL INFARCTION

In a population-based case—control study, toenail chromium concentration was
inversely associated with the risk of a first myocardial infarction in men. Men with the
highest levels of chromium were 35% less likely to have a heart attack than those with
the lowest levels (Guallar et al 2005). Future studies are required to determine
whether chromium supplementation may be beneficial for the prevention of
cardiovascular incidents.

OSTEOPOROSIS

Effects on bone resorption, calcium excretion and collagen production suggest a role

in the prevention of osteoporosis (Evans et al 1995, McCarty 1995); however, there

are no controlled trials to determine clinical effectiveness. Chromium 254
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DOSAGE RANGE
The ESADDI is 50-200 ug/day. The most common doses studied include 200, 400,
600 and 1000 ug daily. Doses in the upper range appear to produce more convincing
trial results.
AUSTRALIAN ADEQUATE INTAKE
e Women: 25 ug/day
e Men: 35 ug/day

Chromium picolinate is the best absorbed form, although chromium nicotinate
may have a better safety profile and the synergistic effects with nicotinic acid may
have further benefits in some conditions, especially with regard to lipid profiles.

Clinical note — Does chromium picolinate cause cancer?

There has been some concern in the past over in vitro studies suggesting chromium
picolinate exerts clastogenic effects in hamster ovary cells (Stearns et al 1995a,
2002) and possible DNA damage (Speetjens et al 1999). This has been refuted by a
number of authors, suggesting the doses tested were several thousand times higher
than equivalent human doses (McCarty 1997, Salmon 1996) and that chromium is
relatively short lived so that the accumulated doses suggested by researchers
(Stearns et al 1995a) were not feasible (Hepburn & Vincent 2003). It should also be
noted that picolinic acid appears to be the source of the concern and other forms of
chromium have not been implicated (Bagchi et al 2002, Stearns et al 1995b).

ADVERSE REACTIONS

Itis important to differentiate between hexavalent chromium (Cr IV) and trivalent
chromium (Cr Ill) when assessing toxicity. Cr IV is used in industry and is highly toxic,
whereas Cr |l is approved for use as a supplement and does not attract the same
concerns. Recent in vitro studies suggest a possibility that Cr IIl may oxidise to Cr V, a
potential carcinogen (Shrivastava et al 2005); however, this requires confirmation
from in vivo studies.

Irritability and insomnia have been reported with chromium yeast supplemen-
tation (Schrauzer et al 1992).

A follow-up survey of the Anderson trial at 1 year found no side-effects for doses
up to 1000 ug/day of chromium picolinate (Cheng et al 1999).

Of five anecdotal adverse reports attributed to chromium picolinate and reviewed
by Lamson and Plaza (2002), only one reporting transient and vague symptoms was
considered to be a possible adverse reaction (Huszonek 1993). Three could not be Chromium 253
validated by the reviewers due to concurrent medications (Cerulli et al 1998, Martin &

Fuller 1998, Wasser et al 1997), and another involved the inappropriate use of
© 2007 Elsevier Australia
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potassium dichromate, a strong oxidising agent known to elicit reactions in a majority
of people (Fowler 2000). A case report exists of toxic hepatitis and greatly elevated
hepatic chromium levels (>10-fold normal) following 5 month ingestion of chro-
mium polynicotinate in combination with vegetable extracts (Lanca et al 2002).
Whether chromium supplementation was responsible for this incident is currently
unclear.

NO ADVERSE EFFECTS ON IRON STATUS

As chromium competes with iron for binding to transferrin it has been suggested that
high-dose chromium supplementation may adversely affect iron status. While some
studies support this (Ani & Moshtaghie 1992), others show that serum iron
concentrations and serum ferritin concentrations are unaffected by chromium
picolinate supplementation (Campbell et al 1997). It would appear that iron does not
use all available transferrin and therefore this situation is unlikely under normal
conditions.

SIGNIFICANT INTERACTIONS

CORTICOSTEROIDS

Corticosteroids increase urinary losses of chromium, and chromium supplementation
has been shown to aid in recovery from steroid-induced diabetes mellitus. Therefore a
beneficial interaction may be possible (Kim et al 2002).

HYPOGLYCAEMIC MEDICINES

@ Chromium may reduce requirements for hypoglycaemic agents (Ravina & Slezack
1993, Ravina et al 1995). While a beneficial interaction is possible, this combination
should be used with caution and drug requirements monitored and adjusted if
necessary by a healthcare professional.

LIPID-LOWERING MEDICINES

Additive effects are theoretically possible as some clinical studies have indicated lipid-
lowering effects. Observe patients taking this combination and monitor drug
requirements.

CONTRAINDICATIONS AND PRECAUTIONS
Hypersensitivity to chromium.

PREGNANCY USE
Oral ingestion of doses typically found in the diet are likely to be safe. Taken under
professional supervision, supplements are also likely to be safe and may be beneficial
in the prevention and treatment of gestational diabetes (Jovanovic & Peterson 1996,
Jovanovic et al 1999).

© 2007 Elsevier Australia
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PRACTICE POINTS/PATIENT COUNSELLING

e Chromium is an essential trace mineral required for carbohydrate, lipid, protein and
corticosteroid metabolism.

o Dietary intakes are generally below the minimum suggested safe and adequate
levels, and factors such as high-sugar diets, corticosteroid use, excessive exercise,
infection, physical trauma and psychological stress further increase the risk of
deficiency.

e Chromium supplements are used in the treatment of type 2 diabetes,
hypoglycaemia, gestational diabetes and hyperlipidaemia. However, inconsistent
results have been obtained from clinical studies.

e [tisalso used in the treatment of obesity, atypical depression, syndrome X, PCOS
and osteoporosis, and in resistance training.

e Supplemental forms used in trials include organic chromium complexes, such as
chromium picolinate and chromium nicotinate, and inorganic salts such as
chromium chloride.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this supplement do for me?

Chromium is essential for health and wellbeing. It may also have beneficial effects in
type 2 diabetes, gestational diabetes, hypoglycaemia and elevated cholesterol and
triglyceride levels in some people, although scientific research has produced mixed
results.

When will it start to work?

Effects in diabetes and elevated cholesterol or triglyceride levels require 8-12 weeks o By o )
to establish. Lo g I
Are there any safety issues?

Used under professional supervision, chromium supplements are considered safe.
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Cinnamon

Historical note Cinnamon has been used since ancient times for a variety of
uses and was considered a precious commodity. In ancient Egypt, it was used as
a flavouring for beverages, in combination with other spices for embalming, and
as a medicinal agent. Ancient Chinese herbals mention it as a medicinal
treatment as early as 2700 BC (Castleman 1991). In medieval Europe, cinnamon
was a common ingredient in cooking, often used together with ginger. Due to
the high demand for cinnamon, discovering lands where it grew was a primary
motive for a number of explorers’ enterprises in the 15th and 16th centuries.
Today, two main types of cinnamon are cultivated, Cinnamomum verum, also
known as Ceylon cinnamon, and Cinnamomum cassia, also known as Chinese
cinnamon.

OTHER NAMES
Cinnamomum verum: cannelle de ceylan, Ceylon celonzimi cinnamon, Ceylon
cinnamon, cinnamon bark, cortex cinnamomi ceylanici, dalchini, ecorce de cannelier
de Ceylan, echter, gujerati-dalchini, kannel, kuei-pi, kurundu, kulit kayumanis, ob
choei, tamalpatra, wild cinnamon

Cinnamomum cassia Blume: cassia, Chinese cinnamon, dalchini, guipi, kannan
keihi, keishi, lavanga-pattai, lurundu, macrophyllos cassia bark tree, rou gui, Saigon i . ?
cinnamon, saleekha, taj, toko keihi, Viet Nam cinnamon L”"’“’”&’ Gzl ) |

BOTANICAL NAME/FAMILY
Cinnamomum verum J.S. Presl (also known as C. zeylanicum Nees) and C. cassia
Blume (family Lauraceae)

PLANT PARTS USED
Dried inner bark of the shoots grown on cut stock of Cinnamomum verum or of the
trunk bark, freed from the underlying parenchyma; outer cork of C. cassia Blume.

CHEMICAL COMPONENTS

Both forms of cinnamon contain an essential oil that consists primarily of

cinnamaldehyde (up to 80% in C. verum and 90% in C. cassia) and differ primarily in

their eugenol and coumarin content. The volatile oil from C. verum contains 10%

eugenol whereas the oil from C cassia contains only trace amounts and C. cassia Cinnamon 261
contains coumarin, which is not found substantially in C. verum. The bark of C. verum
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contains caryophyllene, cinnamyl acetate and linalool whereas the bark of C. cassia
contains catechin and 1,8 cineole.

MAIN ACTIONS

The cinnamaldehyde constituent in cinnamon is attributed with producing most of
the herb’s biological effects. This component is found in large amounts in both forms
of cinnamon. More recently, several other constituents have also been tested in
isolation and found to exert significant pharmacological effects.

ANTIBACTERIAL AND FUNGICIDAL EFFECTS

Several in vitro studies have identified broad-spectrum antibacterial and fungicidal
effects for both forms of cinnamon. This has been chiefly attributed to
cinnamaldehyde although other constituents such as eugenol, carophyllene and 1,8
cineole also exhibit antimicrobial properties.

Cinnamomum verum demonstrated activity against a wide range of bacteria and
fungi including Bacillus subtilis, Escherichia coli, Saccharomyces cerevisia, Candida
albicans, L. monocytogenes and Salmonella enterica (De et al 1999, Friedman et al
2002, Matan et al 2006, Simic et al 2004, Tampieri et al 2005).

Cinnamomum cassia extracts significantly inhibited Helicobacter pyloriin vitro
and produced zones of inhibition greater than or equal to commonly used
antibiotics (Tabak et al 1999). The essential oil of C. cassia also exhibited strong
antifungal properties in vitro (Giordani et al 2006). When tested with amphotericin,
a reduced amount of drug was required for adequate antifungal effects.

Antibacterial activity for the oil has also been demonstrated against antibiotic- ; y
resistant E. coli and Staphylococcus aureus (Friedman et al 2004). umaé: Gfecinales. 2
Fungi in bakery products Antifungal activity against the more common fungi
causing spoilage of bakery products, Eurotium amstelodami, E. herbariorum,

E. repens, E. rubrum, Aspergillus flavus, A. niger and Penicillium corylophilum, was
demonstrated for cinnamon oil in vitro (Guynot et al 2003).

Respiratory tract pathogens An in vitro study of the antibacterial activity of
essential oils and their major components against the major bacteria causing
respiratory tract infection indicated that cinnamon bark oil was effective against
Haemophilus influenzae, Streptococcus pneumoniae and S. pyogenes (Inouye et al
2001).

Oral pathogens According to in vitro research, cinnamon bark oil is an effective
inhibitor of bacteria causing dental caries and periodontal disease (Saeki et al 1989).

Cinnamon 262
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CARMINATIVE

The essential oil exhibits carminative activity and decreases smooth muscle contrac-
tions in guinea-pig trachea and ileum, and in dog ileum, colon and stomach (WHO
2004). The oil has also demonstrated antifoaming activity in a foam generator model
for flatulence (ESCOP 2003). The active antispasmodic constituent is considered to be
cinnamaldehyde.

ENHANCED INSULIN SENSITIVITY
Water soluble compounds extracted from C. cassia potentiate insulin activity, as
measured by glucose oxidation in the rat epididymal fat cell assay. The most active
compound, methylhydroxy chalcone polymer (MHCP), increased glucose metabolism
approximately 20-fold and was an effective mimetic of insulin according to an in vitro
study. When combined with insulin, the responses were greater than additive,
indicating synergism between the two compounds (Jarvill-Taylor et al 2001).
According to Anderson, MHCP is actually a water-soluble polyphenolic type-A
polymer that increases insulin sensitivity by activating the key enzymes that stimulate
insulin receptors, while inhibiting the enzymes that deactivate them. More specifi-
cally, extracts of cinnamon activate insulin receptor kinase and inhibit
dephosphorylation of the insulin receptor, leading to maximal phosphorylation of the
insulin receptor.

The United States Agricultural Research Service has filed a patent application on
the active substances.

OTHER ACTIONS ‘
Antioxidant and anti-inflammatory activity for cinnamon bark oil has been demon- Rl
strated in vitro and for the dry ethanolic extract in vivo (ESCOP 2003, Jarvill-Taylor et
al 2001, Lee et al 2003, Mathew & Abraham 2006). Antinociceptive activity has been
demonstrated when administered orally to mice in the hot plate and acetic acid
writhing induced tests.

Cinnamomum cassia also possesses antipyretic activity (Kurokawa et al 1998) and
reduced the occurrence of ulcers in rats in a dose-dependent manner in a study that
administered an aqueous extract (Tanaka et al 1989).

Besides antispasmodic and broad-spectrum antibacterial and fungicidal activities,
cinnamaldehyde also exhibits antitumor effects (Kwon et al 1998) and cytotoxicity
(Moon & Pack 1983).

CLINICAL USE .
Cinnamon has not been significantly studied in controlled trials, so evidence is mainly Cinnamon 263
derived from in vitro and in vivo research and traditional usage.
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DYSPEPSIA AND RELATED SYMPTOMS
Cinnamon bark oil and crushed cinnamon bark is used in the treatment of dyspeptic
conditions, such as mild spastic conditions of the gastrointestinal tract, fullness and
flatulence, loss of appetite and diarrhoea. Although controlled studies are
unavailable, evidence of antispasmodic and antifoaming activity in animal models and
a long tradition of use provide some support for its use in these indications.
Cinnamon bark and Chinese cinnamon are approved by the German Commission
E for the treatment of loss of appetite and dyspeptic complaints such as mild
gastrointestinal spasms, bloating, and flatulence (Blumenthal et al 1998).
Helicobacter pylori infection According to a placebo-controlled study of 15
volunteers with documented H. pyloriinfection, an ethanolic extract of cinnamon was
ineffective at eradicating the infection when used at a dose of 40 mg twice daily for
4 weeks (Nir et al 2000). Considering this is an extremely low dose, further
investigation is required using therapeutic doses in order to adequately test its
effectiveness for this indication.

DIABETES

A randomised, placebo-controlled study of type 2 diabetes demonstrated that
cinnamon exerts clinically significant glucose- and lipid-lowering effects (Khan et al
2003). The study involved 60 people who were divided into six groups. Groups 1-3
consumed 1, 3 or 6 g of cinnamon daily whereas groups 4-6 were given the
equivalent number of placebo capsules and acted as controls. The volunteers were
not using insulin therapy and had a fasting blood glucose reading between 140 and
400 mg/dL. After 40 days of treatment, all three doses of cinnamon reduced mean
fasting serum glucose by18% to 29%, triglycerides by 23% to 30%, LDL-cholesterol
by 7% to 27%, and total cholesterol by 12% to 26%. No significant changes were
observed in the placebo groups. The effect on glucose and lipid levels was sustained
20 days after treatment had ceased, suggesting that cinnamon would not need to be
consumed every day. The cinnamon used was C. cassia, which was finely ground and
put into capsules.

More recently, a 6-week placebo-controlled study was conducted in 25
postmenopausal women with type 2 diabetes and produced different results
(Vanschoonbeek et al 2006). Researchers assessed the effects of cinnamon sup-
plementation (C. cassia, 1.5 g/day) on fasting blood glucose, insulin, and glycosylated
haemoglobin concentrations, indices of oral glucose tolerance and whole-body
insulin sensitivity, and fasting blood lipid profiles. During the trial, volunteers
maintained their normal dietary and physical activities and continued all medication.
After 6 weeks, cinnamon supplementation had no significant effect on fasting plasma
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glucose or insulin concentrations, whole-body oral glucose tolerance, or blood lipid
profiles in this sample.

It is not clear why positive results should be observed in the first study and not in
the second. The dose of cinnamon used was within the range expected to be active
and the same form was used. Vanschoonbeek et al report that baseline values of
fasting glucose and triglycerides were different for subjects participating in the two
studies and discrepant results may be accounted for by this difference and lack of
nutritional standardisation in the study by Khan et al.

Gestational diabetes A randomised, double-blind placebo controlled study of 51
women with gestational diabetes found that 6 weeks of treatment with 1 g of
cinnamon daily produced a trend towards decreased insulin requirements (53.85%
cinnamon vs 44% placebo, P = 0.58); however, this did not reach significance
(Graham et al 2005). The cinnamon used was C. cassia. The researchers suggested
that a longer duration of treatment may be required to produce better results.

OTHER USES

TRADITIONAL USES

Cinnamon has been traditionally used by ancient healers from many backgrounds for
stomach cramps, flatulence, nausea, vomiting, diarrhoea, infant colic, common
infections and also female reproductive problems such as dysmenorrhoea, menor-
rhagia, lactation, and pain in childbirth. It has also been used as an ingredient in
topical preparations for pain and inflammation. Cinnamon is often used in
combination with other herbs and spices for most of these indications. In TCM it is ; ,
considered to warm the kidneys and fortify yang, so is used for impotence among umaé: Gfecinales. 2
other indications.

NATURAL FOOD PRESERVATIVE

Spices such as cinnamon have been used traditionally for the preservation of food
products. The considerable antimicrobial, fungicidal and antioxidant properties of
cinnamon provide a theoretical basis for its use.

DOSAGE RANGE

GENERAL GUIDE

e Dried bark (crushed cinnamon): 1.5-4 g taken up to four times daily.

e Fluid extract 1:1: 0.5-1.0 mL taken up to three times daily.

e Tea: > to % teaspoon of powdered cinnamon in a cup of boiling water taken 2-3

times daily with meals. Cinnamon 265
e Essential oil: 0.05-0.2 mL diluted in carrier oil.
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ACCORDING TO CLINICAL STUDIES

Diabetes: 1-6 g daily of powdered cinnamon (C. cassia) administered in capsules.

TOXICITY
The oral LDs for cinnamon bark oils in rats is 4.16 g/kg and 3.4 ml/kg body weight.

ADVERSE REACTIONS

When the powdered herb is ingested orally, it is generally well tolerated; however,
when cinnamon oil is applied topically, allergic reactions are possible as
cinnamaldehyde may cause allergic contact dermatitis (Cheung et al 2003).

SIGNIFICANT INTERACTIONS

Controlled studies are not available, therefore interactions are based on evidence of
activity and are largely theoretical and speculative.

HYPOGLYCAEMIC AGENTS

Oral ingestion of cinnamon capsules may reduce blood glucose levels, therefore
theoretically, an additive effect is possible with concurrent use — observe; potential
beneficial interaction under professional supervision.

CONTRAINDICATIONS AND PRECAUTIONS
Cinnamon is contraindicated in people with an allergy to cinnamon or Peru balsam, in
cases of fever of unknown origin, active stomach or duodenal ulcers (WHO 2004).

PREGNANCY USE

Cinnamomum cassia or C. zeylanicum/verum should not be used in pregnancy;
however, usual dietary intakes are likely to be safe. Currently, evidence of
teratogenicity from animal studies is contradictory.

PRACTICE POINTS/PATIENT COUNSELLING

Cinnamon has been used since ancient times as a flavouring and medicinal agent.
Itis a natural food preservative with antioxidant and wide ranging antimicrobial
and antifungal properties.

It has been used traditionally to treat dyspepsia, nausea, flatulence, poor appetite,
stomach cramps and diarrhoea. Some evidence suggests it may be effective for
some of these indications.

Ground cinnamon (C. cassia) may reduce blood glucose and lipid levels and be
useful for people with type 2 diabetes; however, this has yet to be clearly
established because inconsistent results have been obtained in controlled studies.
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e Cinnamon oil can cause allergic contact dermatitis when used topically and should
be avoided by people with allergies to cinnamon or Peru balsam, pregnancy or
those with active gastrointestinal ulcers.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Cinnamon is a natural food preservative with wide ranging antimicrobial and
antifungal properties. It may improve digestion and ease symptoms of dyspepsia,
flatulence and nausea. Its effect on blood glucose, total cholesterol and triglyceride
levels remains to be established as inconsistent test results have been reported.
When will it start to work?

The effects on digestion should start rapidly; however, effects on blood glucose and
lipid levels may take 1 month or more.

Are there any safety issues?

Cinnamon oil can cause allergic contact dermatitis when used topically and should be
avoided by people with allergies to cinnamon or Peru balsam, pregnant women or
those with active gastrointestinal ulcers.
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Citrus aurantium

Historical note The root word for orange is the Arabic, narandj (Sellar 1992).
The orange is a symbol of innocence and fertility. Some scholars believe the
‘golden apple’ Paris presented to Venus was actually an orange. In return, Venus
bestowed Helen on Paris as a reward for selecting her in a beauty contest, which
eventually caused the Trojan War. The tree is indigenous to eastern Africa,
Arabia and Syria and it is believed that the crusaders may have introduced the
orange to Europe when they returned from the crusades. Unripe dried fruits and
the fruit peel are incorporated into various products, including foods such as
marmalade, alcoholic beverages such as Curacao and medicinal products. The
essential oil is used in perfumes, cosmetics and aromatherapy (Leung & Foster
1996), and also used as food flavouring and to disguise the unpleasant taste of
medicines. Orange blossom water has been used for centuries in Mediterranean
countries to flavour cakes and beverages (Jeannot et al 2005).

COMMON NAME
Orange

OTHER NAMES

Bitter orange, Citrus sinensis, green orange, Seville orange, Zhi Shi |
BOTANICIAL NAME/FAMILY | Glondute Qffinatis L.
Citrus aurantium var. dulcis (sweet orange) and Citrus aurantium var. amara (bitter
orange) (family Rutaceae).

PLANT PARTS USED

Fruit, dried outer peel of the ripe fruit, and essential oils and floral water (orange
blossom water).

Clinical note — Three different essential oils
C. aurantium var. dulcis (sweet orange) and C. aurantium var. amara (bitter
orange) are obtained from the peel and are usually expressed oils.
Neroli essential oil is obtained from the flowers of C. aurantium var. amara by
steam distillation and very occasionally enfleurage and is known as Neroli Bigarade,
which is said to be the best Neroli essential oil available. Neroli essential oil obtained Citrus aurantium 269
from C. aurantium var. dulcis is known as Neroli of Portugal.
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Petitgrain is obtained from the leaves of C. aurantium var. amara by steam
distillation.

Each of these oils has a different chemical profile and therefore different uses.
Distilled essential oils are used more in food flavourings and expressed essential oils
in aromatherapy and perfumes because of their stronger fragrance (Tisserand &
Balacs 1995). This monograph concentrates on expressed sweet orange and bitter
orange essential oils.

CHEMICAL COMPONENTS

BITTER ORANGE PEEL

Essential oil (0.2-0.5%), monoterpenes linalyl acetate, pinene, limonene, linalool,
nerol, geraniol, bitter substances, flavonoids and methyl anthranilate, the alkaloid
synephrine and n-methyltyramine (Blumenthal et al 2000, Pellati et al 2002).
Synephrine is structurally similar to epinephrine.

ESSENTIAL OILS
Essential oil species Major components Minor components
Citrus aurantium var. Limonene 89% Linalool
dulcis Myrcene 1.7% Neral

Beta-bisabolene 1.29%  Geranial, neral, citronellal,

sabinene, myracene

Citrus aurantium var. d-limonene 89-96% Nerol, geraniol, linalyl acetate
amara Bergaptene 0.069-0.073%

Furanocoumarins (not in
steam distilled oils)
Price & Price 1995, Sellar 1992
Terpeneless/deterpenated or concentrated orange oil is sometimes available.
Although the terpenes are removed, terpeneless orange oils retain all their other
chemical components, including the furanocoumarins, which are in larger amounts,
and this increases their phototoxic potential. Therefore, the safe concentration in
blends containing terpeneless oils is less than 0.2% (Tisserand & Balacs 1995).
Methyl anthranilate is an important compound that may give orange flowers their
aroma (Jeannot et al 2005).
The composition of orange essential oils is described by the International . .
Standards Organisation (ISO) under the following standard numbers 1340: 2005 Citrus aurantium 270

© 2007 Elsevier Australia



9844: 1991 bitter orange C. aurantium var. amara

8901: 2003 C. aurantium (petitgrain)
3517:2002 C. aurantium var. amara (neroli)
4735: 2002 Qils of citrus.

MAIN ACTIONS

SYMPATHOMIMETIC
Considering C. aurantium contains biologically active adrenergic amines, it may exert
sympathomimetic activity.

An in vivo study found no significant effects on blood pressure when two
concentrations of C. aurantum tincture (standardised to 4% synephrine or 6%
synephrine) were administered (Calapai et al 1999). However, analysis of myocardial
electrical activity showed ECG alterations such as ventricular arrhythmias with
enlarged QRS complex. The effect was present after 5 days of treatment and became
significant at day 10 and was still evident after 15 days. These effects may be
explained by the positive chronotropic activity of synephrine, which has been
observed on isolated atria from reserpinised guinea pigs due to beta-;-adrenoceptor
agonist activity, but could also be due to other constituents.

APPETITE SUPPRESSANT

Synephrine produces effects on human metabolism, which could be useful for
reducing fat mass in obese humans because it stimulates lipolysis, raises metabolic
rate and fat oxidation through increased thermogenesis (Pellati et al 2002). A 5 ;
controlled in vivo study of C. aurantium fruit hydro-alcoholic extracts standardised to u‘“”‘“’ et L ) B
synephrine 4% (Ci.au. 4%) and 6% (Ci.au. 6%) found repeated administration of the

extract significantly and dose-dependently reduced food intake and body weight gain

(Calapai et al 1999).

ANTIBACTERIAL
Seville orange has strong in vitro antibacterial activity against Escherichia coli and
Staphylococcus aureus (Melendez & Capriles 2006).

ANTIVIRAL
The fruit of C. aurantium has a potent inhibitory activity on rotavirus infection (Kim et
al 2000). The active components are neohesperidin and hesperidin.

ANTIFUNGAL
Bitter orange essential oil has been shown to be effective in treating resistant fungal Citrus aurantium 271
skin conditions (Ramadan et al 1996).

© 2007 Elsevier Australia



DIGESTIVE EFFECTS

The essential oil of C. aurantium var. dulcis is believed to aid digestion by stimulating
the flow of gastric juice and has antispasmodic and carminative actions. The essential
oil of C. aurantiumvar. amara is considered to be a liver stimulant, reduces gastric
spasm and relieves symptoms of indigestion (Price & Price 1995, Wichtl & Bisset
1994). It is also thought to lower cholesterol.

AROMATHERAPY EFFECTS

The essential oil of C. aurantium var. dulcis is considered to convey warmth and
happiness and improve mood (Battaglia 2003), reduce stress, aid sleep by reducing
stress (Miyake et al 1991), and aid concentration (Baron & Thomley 1994). The
essential oil of Citrus aurantium var. amara is considered to have a calming effect
(Price & Price 1995, Wichtl & Bisset 1994).

OTHER ACTIONS

ANTIOXIDANT

Natural antioxidants obtained from ‘citrus oils’ have been shown to inhibit oxidation
of LDL-cholesterol in in vitro studies (Takahashi et al 2003), possibly due to the
gamma-terpinene content. Terpinolene and alpha-terpinene also showed antioxidant
properties. Takahashi et al suggested gamma-terpinene could be added to foods and
beverages to prevent oxidation. Sellar (1992) suggested sweet orange oil aids the
absorption of vitamin C.

CYP3A4 INHIBITION

Bergamottin and 6’,7'-dihydroxybergamottin found in Seville oranges inactivate
intestinal CYP3A4, as demonstrated clinically. Other furanocoumarins, including
bergapten, could also be involved (Malhotra et al 2001).

CLINICAL USE

HEARTBURN AND DYSPEPTIC SYMPTOMS

The primary indication for bitter orange tincture or extract is heartburn (Blumenthal et
al 2000). The dried peel is officially listed in the British Pharmacopoeia (1983) as a
bitter tonic and empirical evidence suggests it acts as a carminative agent.
Commission E approves the use of cut peel for loss of appetite and dyspeptic
symptoms (Blumenthal et al 2000).

WEIGHT LOSS

Citrus aurantium extract is growing increasingly popular as an ingredient in weight

loss products, substituting for the banned ephedra in the United States. The main

ingredient, synephrine, produces effects on human metabolism that could be useful
© 2007 Elsevier Australia
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for reducing fat mass in obese humans because it stimulates lipolysis, rises metabolic __
rate and fat oxidation through increased thermogenesis.

Currently, only two small clinical studies have been published and both suggest
possible weight reduction (Preuss et al 2002); more research is required to confirm
effectiveness and safety.

SUPERFICIAL DERMATOPHYTE INFECTION

The oil of bitter orange (C. aurantium var. amara) was an effective topical treatment
in treatment-resistant superficial dermatophyte infection according to a study of 60
patients (Ramadan et al 1996). Patients with tinea corporis, cruris or pedis were
treated with one of three treatments based on oil of bitter orange and cure was
assessed by clinical and mycological examinations. One group used a 25% emulsion
of oil three times daily, the second group used 20% oil in alcohol three times daily
and the third group applied pure oil once daily. Treatment with the 25% oil emulsion
was most successful and resulted in 80% of patients being cured after 1-2 weeks and
20% in 2-3 weeks. The group using the 20% oil in alcohol preparation also
experienced substantial cure rates, but it took longer to achieve. Application of the
undiluted oil successfully cured 33% of subjects within the first week, 60% within
1-2 weeks and 7% in 2-3 weeks. The only side-effect reported was mild irritation
when the undiluted oil was used.

AROMATHERAPY

Citrus aurantium var. dulcis The essential oil is used to convey warmth and
happiness and improve mood (Battaglia 2003), reduce stress, and promote sleep A ;
(Miake et al 1991), and aid concentration (Baron & Thomley 1994). It is traditionally | /e g7iccnade =
known as ‘the oil of communication and happiness’. It is also used to improve

digestion and as a carminative to relieve gastric cramping and discomfort.

Citrus aurantium var. amara The essential oil is used to reduce anxiety, muscle

tension and promote relaxation. It is used in cosmetics to repair broken capillaries,

stimulate cell regeneration and to manage acne-prone skin.

OTHER USES
Distilled orange oil is often added to foods and beverages to enhance their flavour
and to medicines to reduce the unpleasant taste.
Orange blossom water or hydrosol contains small proportions of essential oils and
is used on the skin as an astringent and orally as a gastrointestinal carminative
(Jeannot et al 2005). There are no terpenes in orange hydrosol, so the likelihood of
causing skin irritation is significantly reduced. It is also used topically as an astringent Citrus aurantium 273
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for acne-prone skin and to calm babies and induce sleep (Bellakhdar 1997,
Hmamouchi 1999).
The essential oil of C. aurantium var. amara is used as an ingredient in perfumes.

DOSAGE RANGE

BITTER ORANGE PEEL PRODUCTS

e General dose information: 4-6 g daily of cut peel for teas or other galenical
preparations used for oral administration.

e Infusion: 2 g of cut peel in 150 mL boiling water taken three times daily.

e \Weight loss: bitter orange 975 mg (used with caffeine 528 mg and St John's wort
900 mg in a small double-blind study).

ESSENTIAL OILS

e Oral LDy dose: 5 g/kg (rat)

Dermal LDsq dose: >5 g/kg (rabbit) (Citrus and Allied Essences 2004).

Oral LDgq dose for a 15 kg child: 83 g/kg

Oral LDgq dose for a 70 kg adult: 389 g/kg

Oral doses in teas and other preparations: 4-6 g/day or 2 g in 150 mL of boiled
water as an infusion (American Botanical Council 1999).

The inhalation LDsq dose has not been established.

e Topical application dose of bitter orange to skin exposed to UV rays: 1.4% of a

blend.
ADVERSE REACTIONS ) U
SKIN SENSITISATION Rl ‘ |

Both C. sinesis and C. amara are mild skin irritants, but are considered to be low risk.
Skin reactions are more likely if undiluted oils are applied directly to the skin or when
used on broken or inflamed skin or when other skin pathology is present. Skin
reactions are idiosyncratic and can be difficult to predict. Skin sensitisation due to
topically applied orange oil is largely due to the components citral and cinnamic acid
and is dose-dependent (Tisserand & Balacs 1995).

PHOTOSENSITISATION

Expressed C. sinensis essential oil is not normally phototoxic (Tisserand & Balacs

1995), whereas C. amara oil is moderately phototoxic due to its furanocoumarin

content, although the risk is considered low unless higher than recommended

concentrations are used or more than one potentially phototoxic oil is combined in a

blend. The risk may be increased in fair-skinned individuals. Other phototoxic essential Citrus aurantium 274
oils include Citrus bergamia (bergamot) and Citrus limon (lemon). Sensitivity to
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sunlight or UVB light after topical application increases in the first hour after
application and declines over the following 8 hours. A general caution is to avoid UV
exposure for at least 12 hours after topical application and use a sunscreen during
this period. An early study (Zaynoun 1977) (n = 63) showed no significant differences
in phototoxic reactions to bergamot oil for eye colour, age, gender or tanning, but
smaller amounts of oil produced an effect in light-skinned people. It is not clear
whether this also applies to orange essential oil.

GASTROINTESTINAL SYMPTOMS
Abdominal pain, nausea, vomiting, diarrhoea, and dizziness have been reported with
oral dosing (Citrus and Allied Essences 2004).

CARDIOTOXICITY

Bitter orange, standardised to 4-6% synephrine, demonstrated cardiovascular toxicity
(ventricular arrhythmias with enlargement of QRS complex) and mortality in rats
(Calapai et al 1999). The clinical significance of this finding remains unknown.

SIGNIFICANT INTERACTIONS

There are no known interactions between the essential oils and conventional

medicines; however, interactions may occur with the fruit and fruit products.
Theoretically, an interaction exists for CYP 3A and P-gp substrates as human

studies indicate that juice made from C. aurantium (Seville orange) inhibits CYP3A

and possibly P-glycoprotein (Di Marco et al 2002, Malhotra et al 2001) — use with

caution.

CONTRAINDICATIONS AND PRECAUTIONS

Do not apply essential oils to eyes or undiluted to mucous membranes. Orange
essential oil is flammable and should not be vapourised near sources of heat or open
flames. Therefore, candle vapourisers are not recommended. Skin sensitisation and
phototoxicity are possible with the essential oils, so exposure to UV light sources
should be avoided for at least 12 hours after dermal application. The risk is increased
in fair-skinned individuals and when a blend that also contains other phototoxic
essential oils is used.

PREGNANCY USE
Bitter orange peel and associated products is not recommended for use in pregnancy
(Blumenthal et al 2000).

Orange essential oil used in recommended doses is generally safe in pregnancy,
but general safety precautions apply.
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PRACTICE POINTS/PATIENT COUNSELLING

e Bitter orange peel and associated products are used to improve digestion, relieve
dyspeptic symptoms and improve appetite.

o (Citrus aurantium extract is growing increasingly popular as an ingredient in weight
loss products; however, controlled studies are required to determine its safety and
effectiveness.

o The oil of bitter orange (Citrus aurantium var. amara) was an effective topical
treatment in treatment-resistant superficial dermatophyte infection according to
one study.

e Topical application of orange oil and bitter orange oil can induce skin sensitisation,
which is more likely to occur if old orange essential oil is used because of its
tendency to oxidise. Appropriate storage reduces oxidation. A patch test is
recommended for atopic people or those who have a tendency to skin reactions to
fragrance compounds, cosmetics or essential oils.

e Topical application of orange oil and bitter orange oil can induce photosensitivity
in some individuals. After topical application, exposure to sunlight or UVB light
should be avoided for at least 12 hours. The risk of photoxicity increases if high
concentrations of phototoxic essential oils are used or a blend contains several
phototoxic essential oils or if used by fair-skinned people.

ANSWERS TO PATIENTS' FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Orange essential oil can be used in a vapouriser or massage to aid focus and
concentration and facilitate communication. It is also used to reduce stress and
promote sleep and relaxation. In teas and tinctures, cut peel may aid digestion and
relieve dyspeptic symptoms. There is some evidence that the oil may be an effective
treatment for treatment-resistant fungal skin infections.

When will it start to work?

When used in aromatherapy, it usually acts soon after inhalation. When the oil or oil
products are applied topically to fungal infections, results may be seen within

1-2 weeks; however, 3—4 weeks of treatment may be required. Used internally, bitter
orange peel products should provide dyspeptic symptom relief quickly.

Are there any safety issues?

Skin irritation and phototoxicity (chemical burn) is possible after topical application of
the oil if the skin is exposed to UV light such as sunlight. Use in recommended doses
and do not use more than 15% of orange essential oil in a blend. Oral use of bitter
orange peel products is not recommended in pregnancy and Seville orange juice can Citrus aurantium 276
induce multiple drug interactions.
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Cloves

Historical note Spices such as cloves have been used as food preservatives,
disinfectants and antiseptics for centuries (De et al 1999). Modern research has
confirmed that cloves are an effective preservative that inhibit the growth of
many food-poisoning and food-spoiling bacteria.

COMNMON NAME
Cloves

OTHER NAMES
Oil of cloves, Oleum caryophylli
Eugenia carylophyllata, Eugenia aromatica, Caryophyllus aromaticus, Myrtaceae

SCIENTIFIC NAME
Syzygium aromaticum (family Myrtaceae)

PLANT PART USED
Dried flower buds (clove oil is distilled from this plant part).

CHEMICAL COMPONENTS

The main constituent of clove oil is eugenol. Others include beta-caryophyllene, acetyl
eugenol, isoeugenol, eugenine, kaemferol, tannins, gallic acid, vitamin C, minerals i ;
(boron, calcium, chromium, iron, manganese, magnesium, potassium, phosphorus) &m@ Offcinali. L.
(US Department of Agriculture 2002). -

MAIN ACTIONS

Because of cloves’ significant eugenol content, most pharmacological activity is based
on studies involving eugenol.

LOCAL ANALGESIC, LOCAL ANAESTHETIC AND ANTI-INFLAMMATORY

The local analgesic and anti-inflammatory activity of clove oil is mainly due to the
eugenol component. Eugenol acts on contact to depress nociceptors, the sensory
receptors involved in pain perception (Brodin & Roed 1984). Eugenol also inhibits
prostaglandin biosynthesis through potent cyclo-oxygenase-1 and -2 inhibitory
activity (Huss et al 2002, Kelm et al 2000). Although eugenol is chiefly responsible,
other constituents are also involved (Ghelardini et al 2001a). Beta-caryophyllene,
another key component of clove oil, exhibits significant anti-inflammatory and rapid Cloves 278
local anaesthetic activity in several animal models (Ghelardini et al 2001b,
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Muruganandan et al 2001). Local anesthetic effects develop within 5 minutes of
application and diminish after about 15 minutes.

ANTISEPTIC — FUNGICIDAL, ANTIBACTERIAL, ANTIVIRAL
Clove oil has an inhibitory effect against yeasts in vitro (Arora & Kaur 1999).
Antibacterial activity has been demonstrated against Gram-negative anaerobic
periodontal oral pathogens, including Porphyromonas gingivalis and Prevotella
intermedia (Cai & Wu 1996). Activity has also been demonstrated against Bacillus
subtilis, Listeria monocytogenes, Salmonella enterica, Escherichia coli and Saccharo-
myces cerevisiae (De et al 1999, Dorman & Deans 2000, Friedman et al 2002). In vitro
assays have identified inhibitory effects on hepatitis C virus protease (Hussein et al
2000) and human cytomegalovirus (Shiraki et al 1998, Yukawa et al 1996). An animal
model confirmed significant activity against herpes simplex virus type 1 (Kurokawa et
al 1998).

Cloves are also effective against species belonging to the Eurotium, Aspergillus
and Penicillium genera in vitro (Guynot et al 2003).

OTHER ACTIONS

ANTIHISTAMINE
Clove bud extracts inhibit histamine release from mast cells in vivo and in vitro (Kim et
al 1997, Kim et al 1998, Shakila et al 1996).

ANTIOXIDANT
Several constituents within the flower have antioxidant activity, such as eugenol (US i :
Department of Agriculture 2002). u/m{&; Officinalis. £ |
ANTISPASMODIC }
Both beta-caryophyllene and eugenol have antispasmodic activity (Duke 2002).
ANTIPLATELET
Eugenol inhibits platelet aggregation in vitro (Srivastava 1993, Srivastava & Malhotra
1991). It was more potent than aspirin in several experimental models and equivalent
to indomethacin in one (Srivastava 1993).
CLINICAL USE
The clinical effects of cloves and clove oil have not been significantly investigated;
however, an understanding of the herb’s pharmacological activity suggests a role in
the treatment of several conditions.
Cloves 279
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TOOTHACHE AND RELIEF OF DRY SOCKET PAIN

Clove oil and dried clove buds are used in dentistry to relieve dental pain and reduce
infection. Based on the evidence available, Commission E has approved cloves for use
as a local anaesthetic and antiseptic (Blumental et al 2000).

ORAL HYGIENE

Used as an antiseptic and antibacterial agent for the oral mucosa, clove is used as an
ingredient in mouth rinses and gargles. Its established antiseptic activity provides a
theoretical basis for efficacy.

HERPES SIMPLEX VIRUS TYPE 1

One study using a combination of acyclovir and cloves administered orally found this
to be superior to acyclovir alone in the treatment of herpes simplex virus type 1
infection (Kurokawa et al 1995). The combination significantly reduced the develop-
ment of skin lesion and/or prolonged survival times of infected mice and reduced viral
loads.

HEADACHE (AS PART OF A COMBINATION)

Tiger balm is a popular OTC preparation that contains clove oil, menthol, cassia oil,
camphor, cajuput oil and sometimes peppermint oil. It is generally used to relieve the
symptoms of sore muscles, but a randomised double-blind study found that it is also
as effective as paracetamol in reducing headache severity (Schattner & Randerson
1996). Although encouraging, the role of cloves in this combination is difficult to
assess from the study.

OTHER USES Lf:im(’zz/;; Offpcinalis. L
Cloves have been investigated as an agent to protect harvests from fungal -
contamination (Ranasinghe et al 2002).

DOSAGE RANGE

e Powder: 120-300 mg as a single dose

Oil: 0.05-0.2 mL as a single dose

Toothache or gum inflammation: oil of clove is applied directly to the site.
Dry socket: the area is packed with dried flower buds steeped in oil.
Headache: 1 drop of oil massaged into each temple or area of pain.

ADVERSE REACTIONS
According to one review, contact dermatitis has been reported, and local application
may cause irritation to mucous membranes in sensitive individuals. Oral use of the oil
can cause nervous system depression, seizures, hepatic dysfunction and irritation to
mucosal tissues.
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SIGNIFICANT INTERACTIONS
None known.

CONTRAINDICATIONS AND PRECAUTIONS
None known.

PREGNANCY USE
Safety unknown.

PRACTICE POINTS

e Clove flower buds and clove oil has antiseptic, analgesic, anti-inflammatory and
local anaesthetic properties.

Itis directly applied to relieve the symptoms of toothache and dry socket.

Clove oil is also used in mouth rinses and gargles to improve oral hygiene.
Massaging one drop of oil into the temples has been used to treat headache.
This herb and its essential oil should not be taken internally.

ANSWERS TO PATIENTS’ FREQUENTLY ASKED QUESTIONS

What will this herb do for me?

Clove flower buds and clove oil have antiseptic, anti-inflammatory, analgesic, and
local anaesthetic properties that are useful in the treatment of toothache, dry socket
and common mouth infections. Massaging one drop of the oil into the temples may
relieve the symptoms of headache.

When will it start to work?

Research suggests that effects are almost immediate, although short lasting.

Are there any safety issues?

Clove buds and clove oil should not be taken internally, and only applied externally.
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