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MELATONIN IS A FUNDAMENTAL, 3-4 BILLION-YEAR-OLD INDOLE-
amine molecule found in all major non-metazoan and meta-

zoan taxa from bacteria to man. In edible plant species, melatonin is
referred to as phytomelatonin and may be considered not only a
hormone, but a nutrient and/or vitamin as well.1 In humans, mela-
tonin is a neurohormone synthesized from the amino acid trypto-
phan by the pineal gland, a pea-sized endocrine gland located deep
within the brain. Its production and secretion into the bloodstream
at night follows a circadian rhythm that is synchronized by the
light/dark cycle.2 Photons of light reaching specialized photorecep-
tors in the eyes called retinal ganglion cells stimulate nerve impuls-
es that are transmitted, via the retinohypothalamic tract, to the cen-
tral biological clock located in the suprachiasmatic nuclei (SCN) of
the hypothalamus. Daylight resets the central biological clock
whereas light, of sufficient intensity, wavelength, and duration,
present during darkness suppresses melatonin production.3,4

During the night, melatonin secreted by the pineal gland normally
reaches peak concentrations of 60-80 pg/mL between 2:00 and 3:00
a.m., whereas daytime levels are less than 10 pg/mL. The half-life 
of melatonin in the blood is approximately 50-60 min. It is subjected
to first-pass metabolism in the liver where 90% of melatonin is
catabolized to 6-sulfatoxymelatonin, which is excreted in the urine.2

The absolute oral bioavailability of melatonin (2-4 mg) is 15% with
peak levels of 2-4 ng/mL being reached within approximately 1 hour
of ingestion.5 The bioavailability of lower amounts (i.e., micro-
grams) of oral melatonin varies widely.6 Millions of people through-
out the world regularly consume melatonin from commercially
available nutritional supplements, primarily for sleep problems
and/or jet lag.7
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Melatonin, an amphiphatic molecule (possesses both
a hydrophilic and hydrophobic end) that passes through
all morphophysiological barriers, is involved in a wide
variety of functions including circadian rhythm activity,
sleep/activity cycles, body temperature, seasonal repro-
ductive rhythms, retinal physiology, immune activity,
vascular tone, intermediary metabolism, free radical/
antioxidant mechanisms, mitochondrial activity, and
cancer development and growth. Melatonin’s mecha-
nism of action in the regulation of many of these
processes is thought to involve inhibitory G protein-cou-
pled receptors leading to the suppression of production
of the second messenger molecule, cAMP. As the bio-
chemical expression of darkness, the circadian mela-
tonin signal in essence “tells” the cells of the body that it
is dark. In fact, the duration of nocturnal melatonin
secretion indicates the length of the dark phase. In this
way, melatonin acts as one of the hands of the biological
clock to help coordinate physiological and metabolic
activities in synchronization with the 24-hour solar
day.1,2,8

Mechanisms of Melatonin’s Anticancer Action
In experimental rat models of chemical carcinogene-

sis, both the physiological melatonin signal and the

administration of exogenous melatonin just prior to the
beginning of the dark phase suppress the initiation phase
of tumorigenesis. One mechanism by which this may be
accomplished is via melatonin’s ability to suppress the
accumulation of DNA adducts (the resulting complex
when chemicals bind to DNA) formed by carcinogens
that cause damage to and permanent alterations in DNA
(i.e., mutations and amplifications), which lead to neo-
plastic transformation. This may be accomplished
directly via melatonin’s ability to act as a potent free
radical scavenger and/or through its indirect actions to
detoxify carcinogens via activation of the glutathione
and related antioxidative pathways. In addition to pro-
tecting cells from DNA damage, it may also promote the
repair of DNA once damage has occurred.9-11

In experimental models of neoplasia, melatonin, at
nocturnal circulating concentrations, inhibits the prolif-
eration of human cancer cell lines in vitro. This is
achieved by delaying the progression of cells from the
G1/0 to the S phase of the cell cycle. At pharmacological
levels, melatonin has also been shown to exert cytotoxic
effects on cancer cells in vitro. In fact, either alone or in
combination with other agents, melatonin induces apop-
totic cancer cell death. In some neoplastic cells, this
indoleamine acts as a differentiating agent and diminish-
es their invasive/metastatic potential via alterations in
adhesion molecule expression and the support of mecha-
nisms responsible for gap junctional intercellular com-
munication. Additionally, evidence in support of a vari-
ety of biochemical and molecular mechanisms of mela-
tonin’s oncostatic action has been presented, including
the regulation of estrogen receptor expression and trans-
activation, calcium/calmodulin activity, protein kinase C
activity, cytoskeletal architecture and function, intracel-
lular redox status, melatonin receptor-mediated signal
transduction cascades, aromatase and telomerase activi-
ty, and fatty acid transport and metabolism.9-11

An essential omega-6 polyunsaturated fatty acid
(PUFA), linoleic acid (LA) is the most prevalent PUFA
in the Western diet in which levels greatly exceed those
required to prevent essential FA deficiency (i.e., 1% of
total calories).12 As a potent promoter of both murine
and human tumorigenesis, LA exerts actions on cancer
cells that are diametrically opposed to many of the onco-
static actions of melatonin listed above. Its oncogenic
effects, particularly on human breast cancer cells, are
related to its ability to upregulate the expression of
genes involved in estrogen receptor (ERα) expression,
cell cycle progression, G protein signaling, and the mito-
gen-activated protein kinase (MAPK) growth cascade.10

In both tissue-isolated ERα (+ and –) and MCF-7
human breast cancer xenografts, melatonin acts via
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melatonin receptors to suppress tumor cAMP formation
leading to a suppression of LA uptake and its metabo-
lism to the mitogenic signaling molecule 13-hydroxy-
octadecadenoic acid (13-HODE). Down-regulation of
LA uptake and metabolism reduces the activation of the
epidermal growth factor receptor (EGFR)/MAPK path-
way, culminating in tumor growth inhibition.13 The fact
that LA up-regulates whereas melatonin down-regulates
transcriptional regulation of ERα in human breast can-
cer cells via a melatonin receptor-mediated inhibition of
cAMP in these cells14 would potentially provide ample
opportunity for cross-talk among these pathways. Like
rat hepatomas, human breast cancer xenografts exhibit a
circadian rhythm of tumor proliferative activity, LA
uptake, and metabolism and signal transduction activity
that is driven by the nocturnal, circadian melatonin 
signal.9-11,13

Nocturnal Melatonin Signal, Light at Night,
and Human Breast Cancer Risk and Prevention

The risk of developing breast cancer is up to five
times higher in industrialized nations than in underde-
veloped countries. Overall, nearly 50% of breast cancers
cannot be accounted for by conventional risk factors.15,16

Westernized nations have increasingly become 24-hour
per day societies with greater numbers of people being
exposed to more artificial light during the night both at
home and particularly in the workplace.17 It has been
postulated that light exposure at night may represent a
unique risk factor for breast cancer in industrialized
societies via its ability to suppress the nocturnal produc-
tion of melatonin by the pineal gland.18 This hypothesis
is based on studies showing that melatonin inhibits the
development and growth of experimental models of
breast cancer whereas either surgical removal of the
pineal gland or exposure to constant light stimulates
mammary tumorigenesis in rodents.10 This postulate is
further strengthened by recent epidemiological studies
demonstrating that women working night shifts have a
significantly elevated risk of breast cancer presumably
due to their increased exposure to light at night.19

Recent studies from our laboratory have further clari-
fied the relationship between circadian biology, the
endogenous nocturnal melatonin signal, and suppression
by light at night in humans and the growth and metabo-
lism of human breast cancer xenografts in rats. Perfu-
sion of human breast cancer xenografts in immunodefi-
cient, nude rats with melatonin-rich blood collected
from premenopausal female subjects during the night
markedly suppresses tumor proliferative activity and LA
uptake, as well as 13-HODE production, as compared
with melatonin-deficient blood collected during the day-

time. The exposure of volunteers to bright, white light
(i.e., 2800 lux at eye level) at night completely extin-
guishes the tumor inhibitory effects of blood collected
during the night. Therefore, melatonin is the first solu-
ble, nocturnal anticancer signal to be identified in
humans that directly links the central circadian clock
with some of the important mechanisms regulating
breast carcinogenesis and possibly the progression of
other malignancies. These findings also provide the first
definitive nexus between the exposure of healthy pre-
menopausal female human subjects to bright white light
at night and the enhancement of human breast oncogen-
esis via disruption (i.e., suppression) of the circadian,
oncostatic melatonin signal.13 The suppression of circa-
dian melatonin production by ocular exposure to bright
white light at night, leading to augmented nocturnal
tumor uptake of dietary LA and its conversion to mito-
genically active 13-HODE, can now be afforded serious
consideration as a new risk factor for human breast 
cancer.11

The high nocturnal dietary intake of fat, particularly
LA, reported for night shift workers20,21 coupled with
melatonin suppression by exposure to light at night pro-
vide a firm mechanistic basis upon which to explain, in
part, the increased risk of breast cancer in some women
who work night shifts for many years.19 Thus, strategies
to preserve the integrity of the circadian melatonin 
signal (i.e., avoidance of bright light at night, intelli-
gent lighting design, circadian-timed physiological
melatonin supplementation) coupled with modifications
in nocturnal dietary fat intake may offer a unique
approach to the prevention of breast cancer, and perhaps
other melatonin-sensitive cancers, in our increasingly
24-hour a day society.17 This contention is further sup-
ported by recent reports in women that higher, first
morning urine levels of 6-sulfatoxymelatonin22 or sleep
duration ≥ 9 hours per night (longer melatonin dura-
tion?)23 are associated with a significantly decreased
breast cancer risk. 

Interestingly, among individuals at high risk for
breast cancer, plasma melatonin concentrations are inde-
pendent of the degree of risk. In cancer patients in gen-
eral, the nocturnal amplitude of circulating melatonin
levels has been reported to be reduced to various
degrees. In breast cancer patients in particular, nocturnal
circulating levels of melatonin are negatively correlated
with breast cancer ERα/PgR content while tissue levels
of melatonin correlate positively with tumor ERα status
and negatively with the nuclear grade and proliferative
index. These findings suggest that cancer cells elaborate
soluble factors that negatively feedback on the mecha-
nisms regulating nocturnal melatonin production.9,20
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Clinical Trials
Over the past three decades, nearly 50 small clini-

cal trials have been performed to test melatonin’s clini-
cal efficacy in cancer patients. Most of these trials have
been performed by Lissoni and colleagues in Monza,
Italy.21 In a minority of these studies, melatonin was
given as a single agent while in most cases it was admin-
istered in combination with other standard therapies,
including chemotherapy or radiation therapy, exclusive-
ly to patients with advanced stage solid tumors that 
had become refractory to standard therapy alone. More
than half of these trials consisted primarily of non-
randomized broad Phase II trials in which melatonin
therapy was administered to patients with a wide range
of malignancies; the remainder were randomized,
controlled Phase II trials that were disease-specific 
for lung cancer, colorectal cancer, breast cancer,
glioblastoma, and brain metastases from solid tumors. 
In no case were the trials double-blind and/or placebo-
controlled. An oral dose of anywhere from 10 mg to 
50 mg of melatonin (usually 20 mg) was administered 
to cancer patients in the early evening either alone or
concurrently with chemo- or radiation therapy. Although
an objective partial tumor response was observed in a
small percentage of patients receiving melatonin, the
majority of tumor responses consisted of disease stabi-
lization. Probably the most dramatic effect of melato-
nin treatment was a markedly improved one-year 
survival in these patients compared with those receiv-
ing supportive care, chemotherapy, or radiotherapy
alone.9,20,21,24,25

Other benefits that accrue from melatonin therapy
as reported in Lissoni’s studies are a reduction in the
toxicities associated with chemotherapy including
myelotoxicity, nephrotoxicity, thrombocytopenia,
lymphocytopenia, stomatitis, neuropathy, and cancer
cachexia. Probably the most clinically important
aspect of these trials is that melatonin-treated cancer
patients apparently achieve and maintain better per-
formance status and experience less anxiety than those
individuals not receiving the indoleamine. Perfor-
mance status represents the results of subjective
assessment of the amount and timing of daytime and
nighttime activity and daytime and nighttime rest or
sleep. In fact, patients who have a better performance
status at the outset usually respond more favorably to
melatonin alone or in combination with other more
conventional therapies. Performance status has been
shown repeatedly to be predictive of survival, quality
of life, and response to a variety of therapeutic
approaches including surgery, chemotherapy, hormon-
al therapy, and radiation.20,21,24,25

Safety and Toxicity
The most common adverse effect of therapeutic (mil-

ligram) doses of melatonin include sedation, drowsiness,
and mild hypothermia. Other side effects, though infre-
quent, include altered sleep patterns, fatigue, headache,
increased seizure activity in neurologically impaired
pediatric patients, confusion, pruritis, and dysphoria.26

In a recent randomized, double-blind, placebo-con-
trolled trial, oral melatonin (10 mg) administered prior
to sleep for one month was found to exert no toxic
effects on a wide range of physiological and neurologi-
cal parameters.27 In the Lissoni clinical cancer trials, in
which up to 50 mg of melatonin was administered daily
for 1-3 years, no adverse side effects warranting its dis-
continuation were reported.21

Conclusion
The nocturnal, circadian melatonin signal is a newly

identified inhibitory link between the central circadian
pacemaker in the brain and the processes governing can-
cer development and growth in both experimental ani-
mals and humans. This anticancer signal in essence
organizes the processes controlling oncogenesis within
biological time structure and in doing so, provides the
body with a degree of protection from the development
and growth of cancer cells during each night. Melatonin
blocks the ability of cancer cells to take-up LA and con-
vert it to the mitogenic signaling molecule 13-HODE.
Bright light at night, which suppresses this oncostatic
signal, represents a newly identified risk factor for breast
cancer in night-shift workers. Clinical trials indicate that
nighttime melatonin supplementation may offer a prom-
ising new approach in the treatment of advanced stage
malignancies and reduction in the toxicity of chemother-
apy and/or radiation. Pharmacological doses of mela-
tonin appear to be safe and generally well tolerated. It is
premature at this time to conclude whether melatonin
will ultimately be regarded as a mainline cancer treat-
ment strategy or alternative therapy. 

Recommendation
Although existing clinical data on the use of mela-

tonin as a single agent for the treatment of a wide variety
of malignancies appear promising, they are not defini-
tive enough to make a general recommendation for its
use as a single-agent, first-line therapy. On the other
hand, melatonin administration could be considered by
oncologists as an adjunct to chemo- and/or radiothera-
peutic approaches, particularly in advanced malignan-
cies that have become refractory to these standard first-
line treatments. Although animal studies suggest a role
for melatonin in the chemoprevention of cancer, large-
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scale human prevention trials will be required before a
general recommendation can be offered in this area.
Nevertheless, strategies to preserve the integrity of 
the endogenous, circadian melatonin signal (i.e., avoid-
ance of bright light at night, intelligent lighting design,
circadian-timed physiological melatonin supplementa-
tion) coupled with modifications in nocturnal dietary 
fat intake may ultimately offer a unique approach to 
the prevention and treatment of melatonin-sensitive 
cancers.   ❖
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BOTANICALS WITH ANTI-INFLAMMATORY PROPERTIES IN

the form of polysaccharides, terpenes, curcumi-
noids, and alkaloids are becoming increasingly prevalent
in today’s tumultuous nonsteroidal anti-inflammatory
drug (NSAID) market. With increasing concern regard-
ing the safety and availability of NSAIDs, greater atten-
tion is being placed on these unique anti-inflammatories
derived from various plant sources.1 The use of such
anti-inflammatory compounds as Boswellia serrata has
been a mainstay of several medical systems for hundred
of years in the treatment of inflammatory conditions.
Because of this renewed interest, boswellia has been the
focus of recent basic and clinical research in an attempt
to ascertain its anti-inflammatory actions and role in
modern therapeutic interventions. 

Historically, the boswellia trees of Asia have been uti-
lized within Ayurvedic and Chinese medicine for vari-
ous conditions, typically employed for their anti-inflam-
matory and antimicrobial properties. The most common
form of boswellia, Boswellia serrata (also known as sal-
lai guggal, boswellin, and Indian frankincense) has been
harvested for its sap, or oleoresin. The oleoresin is puri-
fied to the herbal preparation containing boswellic acid
(BA) and utilized within Ayurvedic medicine to treat a
number of conditions including arthritis, asthma, and
colitis. 

The form of boswellia utilized varies considerably
and depends on its intended use. The most dilute form of
boswellia oils, known as olibanum and typically con-
taining < 1% BA, is used as a food fixative, fragrance,
and in cosmetic applications including lotions and skin
toners. Other topical applications containing higher lev-
els of BA have been used for the treatment of acne, skin
infections, and wounds. Oral formulations, including
powders, tablets, and teas are most commonly used for
pain and inflammatory disorders including dysmenor-
rhea, colitis, and rheumatic conditions. In its ceremonial

role, boswellia has been burned as incense during reli-
gious rituals to increase spiritual awareness and con-
sciousness. 

Constituents and Mechanism of Action
The gum oleoresin of boswellia contains essential

oils, gums, and terpenoids. The terpenoid portion con-
tains the boswellic acids that have been shown to be
the most active constituents. Today, extracts are typi-
cally standardized to contain 30-65% boswellic acids
and dosed at 100-400 mg orally per day. Fractionation
of the oleogum resin of boswellia has resulted in the
isolation and identification of terpenoids including
lupeol, beta-boswellic acid, 11-keto-beta-boswellic
acid (KBA), acetyl beta-boswellic acid, acetyl 11-keto-
beta-boswellic acid (AKBA), acetyl-alpha-boswellic
acid, 3-oxo-tirucallic acid, and 3-hydroxy-tirucallic
acid. Of note, the unfractionated resin has been found
to be more bioactive than any of the individual purified
compounds.2 The KBAs and AKBAs are typically
thought of as the most potent anti-inflammatory con-
stituents, although this has not been definitively
demonstrated. The half-life of boswellia has been
shown in one study to be approximately six hours.
With ideal dosing at this interval, the plasma concen-
tration reaches steady state after approximately 30
hours.3

Boswellia’s anti-inflammatory properties have been
the most extensive area of mechanistic study. The gum
resin-derived boswellic acids inhibit leukotriene biosyn-
thesis in neutrophils and human platelets by a non-
redox, noncompetitive inhibition of 5-lipoxygenase.4

This is of key importance with our knowledge of chron-
ic inflammatory diseases perpetuated by leukotriene
upregulation. A recent study found that inflammation
caused by TNF-alpha induction of metalloproteinases
and adhesion molecules (VCAM-1 and ICAM-1) is sig-
nificantly inhibited by boswellia.5

Boswellia also possesses certain properties that may
make it a potential therapeutic agent in the setting of
autoimmune disorders, cancer, asthma, and organ trans-
plant. Boswellia’s disease-modifying effects are exem-
plified by a decrease in glycosaminoglycan degradation
in the animal model.6 In vitro immunomodulatory activ-
ities have been noted, including a decrease in the pro-
duction of mast cells, antibodies, and cell-mediated
immunity.7 Prevention of organ transplant rejection has
been demonstrated by a reduction of ischemia and reper-
fusion injury similar in extent to steroid therapy.8 Lastly,
boswellic acids, particularly AKBA and KBA, have
demonstrated antiproliferative and apoptotic effects in
human colon cancer cells.9
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Clinical Studies
Boswellia has been studied most rigorously for its

action in asthma as well as rheumatic and inflammatory
bowel conditions including rheumatoid arthritis (RA),
osteoarthritis (OA), Crohn’s disease, and ulcerative 
colitis. 

Asthma. Gupta et al performed a randomized, con-
trolled trial of 80 patients with chronic stable asthma.10

Following six weeks of therapy there were significant
improvements in 70% of patients on active therapy.
Specifically, the boswellia group demonstrated signifi-
cant improvements in several diagnostic parameters,
including forced vital capacity (FVC) and forced expira-
tory volume in 1 second (FEV

1
). In addition, there were

improvements noted in asthma symptomatology includ-
ing wheezing and dyspnea as well as the number of asth-
ma exacerbations (P < 0.0001) vs. placebo. Of note,
there were significant differences at baseline noted
between groups, making some of the results difficult to
interpret.

Joint Disease. For treatment of OA, two randomized
double-blind placebo-controlled cross-over trials have
been performed. Kulkarni et al randomized 42 patients
with OA to three months of placebo or a combination
product (Articulin F) containing 50 mg of Boswellia ser-
rata as well as turmeric (Curcuma longa), ashwagandha
(Withania somnifera), and zinc.11 Active treatment with
the boswellia complex led to statistically significant
improvements in overall disability and level of pain.
However, trends for improvement in other areas includ-
ing joint scores and morning stiffness did not reach 
significance. 

The second study by Kimmatkar et al randomized 30
patients with knee OA to eight weeks of a Boswellia ser-
rata extract and found significant improvements in knee
pain, knee mobility, and walking distance compared to
placebo.12 Although both trials are promising, because
of the use of combination products in the first and lack
of discussion of randomization process in both, it is dif-
ficult to reach firm conclusions regarding the benefit of
boswellia in OA. 

Regarding treatment of RA, several trials have
attempted to elucidate boswellia’s effects as a therapeu-
tic agent. Sander et al randomized 37 patients to a stan-
dardized boswellia extract (H15) at 3600 mg/d vs. place-
bo.13 The trial, which lasted l2 weeks, failed to demon-
strate any significant difference in pain or functional
ability. Unfortunately, this trial suffered from a large
drop-out rate and lack of discussion of the population
size or its effect on the power calculation, thus making it
difficult to discern whether lack of benefit was true or
due to the small sample size. 

Etzel attempted to summarize the results of 11
unpublished trials on the use of boswellia for RA
between 1985 and 1990.14 These trials, which included
more than 260 patients, varied greatly from open to ran-
domized trials. The results demonstrated a trend toward
reduction in joint swelling and stiffness as well as
NSAID intake with no significance in other areas. How-
ever, because of minimal descriptors regarding the popu-
lation and parameter’s measured, the importance of
these trials—other than demonstrating a minimal side
effect profile in trials of 1-6 months duration—is
unclear.

Two additional placebo-controlled trials for treatment
of RA, both utilizing combination products, have been
published. In a small double-blind placebo-controlled
crossover trial of 20 patients by Kulkarni, Articulin F
(described above) was utilized for 12 weeks vs. place-
bo.15 Results of this trial were impressive in that the
active group reported improvement in all areas of dis-
ability and pain measured vs. placebo. In addition, a sig-
nificantly smaller number of patients on active treatment
required rescue NSAID therapy. Benefit in this trial
began after two weeks, which is important to keep in
mind when discussing treatment with boswellia with
patients. A second trial by Chopra et al, and likely the
best quality study performed on boswellia, examined
RA-1 (Boswellia serrata, turmeric [Curcuma longa],
ashwagandha [Withania somnifera], and ginger [Zin-
giber officinale]) in 182 patients for 16 weeks.16 In this
trial, there were statistically significant improvements
seen in the majority of parameters measured, including
the numbers of swollen joints, rheumatoid factor
improvement, and improvement in the American Col-
lege of Rheumatology joint assessment score (ACR-20).
Of note, this trial suffered from a high placebo response,
which may have diminished potential benefits seen with
active therapy. Also, both of these trials demonstrated a
significant decrease in rheumatoid factor vs. placebo.
Again, because of the use of combination products, the
exact contribution of boswellia in these trials cannot be
estimated. 

Gastrointestinal disease. Gerhardt et al examined a
standardized Boswellia serrata extract (H15) vs.
mesalazine in 102 patients with active Crohn’s disease.17

The trial was eight weeks long and examined 1200 mg
of H15 vs. 1.5 g of mesalazine taken three times daily
and examined improvement in symptoms as noted on
the Crohn’s disease Activity Index (CDAI). At trial’s
end, improvements were identified in both groups with
no significant difference noted between groups on the
CDAI, with the authors concluding relative equivalence
between therapies. There were several weaknesses in the
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trial including lack of an intent-to-treat analysis and a
drop-out rate of 20%. 

For the treatment of ulcerative colitis (UC), Gupta et
al examined boswellia extract (n = 20) and sulfasalazine
(n = 10).18 Although a greater percentage of boswellia-
treated patients improved in comparison to sul-
fasalazine, it is difficult to interpret these results due to
non-blinding. Sigmoidoscopy examination demonstrat-
ed histological benefit in a significantly greater percent-
age of boswellia subjects at the end of the trial. A second
trial on ulcerative colitis treated 42 patients with
boswellia vs. sulfasalazine.19 The results of this non-
blinded trial demonstrated similar benefit in both groups
with a conclusion of bioequivalence between the thera-
pies. These results include an approximate 75%
improvement on histological biopsy obtained on sigmoi-
doscopy. However, comparisons between groups in this
study are nearly possible to make as there was no ran-
domization and subjects were able to decide their treat-
ment group at enrollment. 

Safety
Boswellia’s safety has been established in animal

studies in doses up to 2g/kg.20 In humans, boswellia
appears safe in most clinical scenarios and, unlike
NSAIDS, has not been linked to any serious side effects
including gastrointestinal bleeding or ulceration, kidney
function impairment, or cardiovascular sequelae in stud-
ies up to six months in length. However, no long-term
studies specifically focusing on these issues have been
carried out. Boswellia is well-tolerated with the most
common side effect reported as gastrointestinal upset
including epigastric pain, heartburn, nausea, and diar-
rhea. Dermatitis, a rare side effect, has been reported.21

Although boswellia is used in dilute doses as an addi-
tive, it should not be used during pregnancy because of
the potential to induce menstruation or abortion.22 Use
during breast feeding or in pediatrics has not been stud-
ied systematically. Because of boswellia’s actions in
decreasing glucosaminoglycan degradation, its potential
synergistic role in the treatment of degenerative arthritis
with supplements typically utilized in this scenario, such
as glucosamine or chondroitin, is intriguing and
deserves further study. 

Conclusion
Debate over the use and side effect profile of avail-

able prescription and over-the-counter NSAIDs will
continue to complicate clinical decision-making regard-
ing such therapy. In addition, this debate has created
greater interest in the potential use of various phyto-anti-
inflammatories which may work adjunctively with or as

a replacement for NSAIDs. Among the most popular
choices currently available is boswellia, which has a
long tradition of use for the treatment of inflammatory
conditions. 

Boswellia’s mechanistic background as an inhibitor
of a number of key inflammatory markers (most impor-
tantly leukotrienes) provides a strong theoretic rationale
for potential incorporation in the treatment of several
inflammatory conditions. From a safety standpoint,
boswellia has a benign side effect profile, which pro-
vides additional support for use, especially in popula-
tions that cannot tolerate NSAID therapy or require
adjunctive support. From a clinical perspective, the
available data range from poorly controlled observation-
al data to an occasional well-controlled clinical trial.
These studies provide supportive subjective trends and
in some cases statistically significant objective data,
namely, decreased rheumatoid factor (RA) and tissue
improvement on biopsy (UC). Overall, boswellia thera-
py appears promising and may prove to be an attractive
adjunct or alternative for the treatment of selected
inflammatory conditions while awaiting future trials. 

Recommendation
Additional studies are warranted to examine the long-

term safety and benefit of boswellia for the conditions
noted above. Of note, studies comparing the efficacy of
boswellia vs. combination therapy and conventional
therapy are needed to better understand boswellia’s role
in treatment of inflammatory conditions. Because of
boswellia’s synergistic role with glucosaminoglycan-
based therapies (i.e., glucosamine), clinical trials that
examine their potential effects in combination are
desired. Future trials should also be explicit in their dis-
cussion of the type of boswellia used, standardization
and parameters of use. Additional trials with adequate
power calculations and appropriate subject size are
needed to make definitive conclusions regarding effica-
cy and equivalence to conventional therapy. 

Because of boswellia’s low side effect profile and
potential anti-inflammatory properties, clinicians are
advised to discuss its potential incorporation in the treat-
ment of inflammatory conditions mentioned above.
Attention should be especially focused on patients with
refractory conditions or those who would benefit from
medication reduction due to side effects. Clinicians
should be familiar with available brands and, whenever
possible, recommend those that have been clinically
tested. Use should be monitored on a regular basis, simi-
lar to other anti-inflammatories, to ensure tolerability
and to check for potential clinical improvement based on
standardized subjective and objective measures.   ❖
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CME Questions

35. .Melatonin is involved in which of the following functions? 
a. Circadian rhythm activity
b. Sleep/activity cycles 
c. Body temperature 
d. Immune activity 
e. All of the above 

36. Which of the following is not a common adverse effect of 
therapeutic doses of melatonin? 
a. Sedation 
b. Drowsiness 
c. Gastrointestinal upset 
d. Mild hypothermia 

37. Clinical trials indicate that nighttime melatonin 
supplementation: 
a. may offer a promising approach in the treatment of advance

stage malignancies. 
b. may reduce the toxicity of chemotherapy and/or radiation. 
c. is safe and generally well tolerated. 
d. All of the above 

38. The herbal preparation containing boswellic acid and utilized
within traditional Ayurvedic medicine has most commonly
been used to treat which of the following conditions? 
a. Arthritis 
b. Asthma 
c. Colitis 
d. All of the above 

39. In clinical studies up to six months in length, boswellia has
been linked to which of the following serious side effects? 
a. Gastrointestinal bleeding and ulceration 
b. Kidney function impairment 
c. Cardiovascular sequelae 
d. None of the above 

CME Instructions: Physicians participate in this
continuing medical education program by reading
the articles, using the provided references for further
research, and studying the CME questions. Partici-
pants should select what they believe to be the cor-
rect answers, then refer to the list of correct answers
to test their knowledge. To clarify confusion sur-
rounding any questions answered incorrectly, please
consult the source material. 

After completing this activity, participants must
complete the evaluation form provided at the end of
each semester (June and December) and return it in
the reply envelope provided to receive a certificate
of completion. When an evaluation form is received,
a certificate will be mailed to the participant. 

Answers:35. e, 36. c, 37. d, 38. d, 39. d. 
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An OK for MSM 
for Osteoarthritis

Source: Usha PR, Naidu MUR. Ran-
domised, double-blind, parallel, placebo-
controlled study of oral glucosamine,
methylsulfonylmethane and their combina-
tion in osteoarthritis. Clin Drug Invest
2004;24:353-363.

Goal: To judge the safety and efficacy
of glucosamine (Glu), methylsulfonyl-
methane (MSM), and combination ther-
apy using Glu and MSM as compared
with placebo in the treatment of knee
osteoarthritis (OA).

Study Design: Randomized, double-
blind, parallel, placebo-controlled trial
performed over 12 weeks in India. 

Subjects: Patients with mild-to-moder-
ate OA of the knee (n = 118) as deter-
mined by both clinical and radiographic
data.

Methods: Subjects were randomized to
one of four groups, receiving three
times daily either 1) glucosamine 500
mg with placebo MSM, 2) MSM 500
mg with placebo Glu, 3) Glu 500 mg
and MSM 500 mg, or 4) Glu placebo
and MSM placebo. Measures included
degree of pain (4-point pain scale and
visual analogue scale), swelling, joint

mobility, 15-meter walking time,
Lequesne index, and use of rescue med-
ications. Participant evaluation took
place at baseline and two, four, eight,
and 12 weeks, and a global evaluation
was performed at trial’s end.  

Results: All three active interventions
improved signs and symptoms of OA
significantly as compared with placebo.
Combination therapy produced the
greatest improvements in mean pain
index, mean swelling index, and overall
functional ability, as well as more rapid
attainment of symptom relief. Less res-
cue medication was required by those in
receipt of combination therapy than in
any of the other three groups.

Conclusion: For the treatment of knee
OA, combination therapy with Glu and
MSM is more effective than treatment
with either agent alone, either of which
is more effective than placebo.

Study strengths: Degree and intensity
of follow-up; dosages employed.

Study weaknesses: Compliance
assessed by pill counting.   

Of note: MSM is the oxidized form of
dimethyl-sulfoxide (DMSO); topical
DMSO has been used for the treatment
of OA but is associated with a bad smell
and the potential for skin irritation; Glu
has been shown to possess mild anti-

inflammatory activity through means
other than inhibition of prostaglandin
production; the optimal dosing schedule
for MSM is as yet undetermined,
though those who employ the agent
often recommend 1-2 g twice daily;
subjects were excluded from participa-
tion if they were using anti-inflammato-
ry drugs, supplements, or physiotherapy
(acetaminophen was permitted as res-
cue medicine); approximately 5% of
participants who received Glu alone
developed diarrhea.

We knew that: OA represents a degen-
erative joint disorder with associated
secondary bony changes; Glu is an
amino monosaccharide and an interme-
diate substrate for the production of gly-
cosaminoglycan and proteoglycans by
articular cartilage, as well as a provider
of sulfate ions important to the produc-
tion of chondroitin and keratin sulfate;
sulfur concentration within arthritic
joints is markedly less than that typical-
ly found in otherwise healthy joints; the
Lequesne index is a functional index
comprised of three parameters—pain,
maximum distance walked, and activi-
ties of daily living, with higher values
associated with more severe disease.

Comments: While many people use
MSM in association with glucosamine,
or glucosamine and chondroitin, for the
treatment of OA, there exists a paucity
of human data to support such action.

Clinical Briefs
With Comments from Russell H. Greenfield, MD

Dr. Greenfield is Medical Director, Carolinas Integrative Health, Carolinas HealthCare System, Charlotte, NC, 
and Clinical Assistant Professor, School of Medicine, University of North Carolina, Chapel Hill, NC.



This study begins to remedy that situa-
tion. It is understood that nonsteroidal
anti-inflammatory agents produce
symptomatic relief in OA but without
modifying the underlying disease
process, and are associated with poten-
tial development of significant side
effects. Glu, on the other hand, has been
shown not only to provide significant
pain relief in the setting of OA, but
seemingly also impedes further disease
progression. The rationale for consis-
tently adding MSM to Glu is not yet
compelling, but data such as those pre-
sented in this paper are intriguing and
warrant further investigation.

What to do with this article: Keep a
copy on your computer. ❖

Big Pharma—Sound-
ing the Alarm(a)

Source: Topol EJ. Nesiritide—not verified.
N Engl J Med 2005;353:113-116.

Goal: A call to action.

Study Design: Editorial. 

Methods: The author reviews the data
surrounding the approval process for
and the use of the agent nesiritide, or
recombinant human brain natriuretic
peptide, for the treatment of congestive
heart failure (CHF), as well as the
aggressive marketing campaign
launched by its manufacturer (the latter
of which includes information provided
to physicians to develop their own infu-
sion centers, through which Medicare
can be billed similar to provision of
chemotherapy, as well as a toll-free tele-
phone hotline for “Natrecor Reimburse-
ment Support”).

Conclusion: “We need to tune-up our
procedures to eliminate indiscriminate
use of drugs, such as nesiritide, when
there is not proper evidence of safety.”

Quotations of note: “How can a drug
that is associated with higher rates of
both renal dysfunction and death than
placebo—and that costs 50 times as

much as standard therapies and for
which there are no meaningful data on
relevant clinical endpoints—be given to
more than 600,000 patients and be pro-
moted throughout the United States for
serial outpatient use, an indication not
listed on the label?”

“We practice medicine in an era in
which there is one pharmaceutical-com-
pany representative for every five physi-
cians and in which companies will
stretch the limits in their marketing of
drugs.”

Who knew?: A single small, open-label
feasibility study in support of the use of
nesiritide has been published, yet outpa-
tient use of the agent for people with
CHF is becoming commonplace; nesiri-
tide has no proven clinical advantage
over less expensive therapy for CHF
(such as nitroglycerin) with respect to
hospitalization or survival rates; data
exist showing that nesiritide has an
adverse effect on 30-day mortality rates,
as well as an association with longer
hospital stays.

Comments: Never before has Alterna-
tive Medicine Alert chosen to focus
attention on an editorial, but this piece
stands out for its candor, the credibility
of the author and his credentials, and the
journal in which it was published. In
this age of The Constant Gardener and
industry scandal, this call to action
emanates not from a fringe radical peri-
odical, but from a respected contributor
to conventional practice in the pages of
one of the most prestigious of conven-
tional medical journals. Yet, the article
was not chosen for review solely to
point out problems with Big Pharma,
lest we turn a blind eye to major prob-
lems in the vitamin and supplement
industry. No, the article was chosen in
support of the plea that the same micro-
scope be applied to all potentially thera-
peutic interventions, be they deemed
conventional in nature, alternative, or
complementary. The oft-stated goal of
“open-minded skepticism” applies
equally well to all realms: Demand evi-
dence of safety proportionate to the
degree of risk involved to the patient, in
addition to evidence for or theoretical
construct supporting clinical efficacy,

prior to employing any intervention.
When data exist pointing to significant
consequences associated with an inter-
vention, that intervention should be
withheld, regardless of which “camp”
we sit in.

What to do with this article: Make
copies to hand out to your peers.
[Thanks to Randy Horwitz, MD, PhD,
for bringing this article to our
attention.] ❖

Stress Doesn’t Cause
Cancer (But It Might
Kill You)

Source: Nielsen NR, et al. Self reported
stress and risk of breast cancer: Prospective
cohort study. BMJ 2005;331:548. Epub
2005 Aug 15. 

Goal: To explore the relationship
between everyday stress (as opposed to
the acute stress of major life events) on
the long-term risk of first time incidence
of primary breast cancer.

Study Design: Prospective, longitudi-
nal cohort study (the Copenhagen City
heart study) with 18 years of follow-up.

Subjects: Danish women initially ran-
domized to participate in the Copen-
hagen City heart study in 1976 (addi-
tional questions were asked of 6,689
women in 1981-1983 [age range 21-91
years], forming the basis of the study
reviewed here).

Methods: At the time of secondary
evaluation (1981-1983), subjects were
asked about their level of stress with
regard to intensity and frequency, with
results classified as low, medium, and
high stress. Subjects were then followed
until the date of first diagnosis of pri-
mary breast cancer, death, emigration,
or the end of follow-up in 1999. The
main outcome measure was first time
incidence of primary breast cancer. 

Results: Ten percent of participants
reported high levels of stress, and a
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higher percentage of women in this
group died during follow-up as com-
pared with women in the moderate or
low stress groups; however, the risk for
development of breast cancer was
inversely proportional to both stress
intensity and stress frequency. For every
increase in stress level on the stress
scale employed there was an 8%
decreased risk of development of pri-
mary breast cancer. The relationship
between stress and decreased risk for
breast cancer was most notable among
women receiving hormone replacement
therapy.

Conclusion: High levels of self-report-
ed stress are associated with a lower risk
of development of breast cancer over 18
years of follow-up.

Study strengths: Sample size; linkage
to civil registry ensuring high degree of
follow-up (< 0.1% lost to follow-up)
and identification of all cases of breast
cancer; prospective design.

Study weaknesses: Single point of
measurement applied to 18 years of fol-
low-up (life being dynamic, it is likely
there was a change in stress status for
most participants over the period of fol-
low-up); data on specific risk factors for
breast cancer, including family history,
were not obtained.  

Of note: Various studies using differ-
ent designs have examined the poten-

tial relationship between acute or daily
stress and development of breast can-
cer, and have produced conflicting
results; for the purposes of the study,
stress was defined as a feeling of ten-
sion, nervousness, impatience, anxiety,
or sleeplessness; follow-up was
ensured using the civil registry number
unique to each Danish citizen; no stress
effect was noted in subgroups that
included menopausal status, number of
children, and alcohol consumption;
more women in the high stress group
received hormone replacement thera-
py, had less education and high alcohol
intake, and were physically inactive
compared with women in the other two
groups.

We knew that: In animal studies, stress
has been shown to decrease estrogen
synthesis, which could explain a
reduced rate of breast cancer develop-
ment (stress can affect signals coming
from the hypothalamic-pituitary-
gonadal axis by activating the hypothal-
amic-pituitary-adrenal axis and the sym-
pathetic nervous system); persistent,
low-level everyday stress results in sus-
tained activation of stress hormones,
possibly resulting in decreased estrogen
production (thereby lowering risk of
development of breast cancer); persist-
ent daily stress may affect health indi-
rectly through negative changes in per-
sonal behaviors; the nature of stressful
life events differs significantly from that
of sustained everyday stress; research

on the health impact of stress has thus
far focused more on external stressors
and less on the individual’s perception
of stress. 

Comments: Practitioners often
encounter people who received a diag-
nosis of significant illness within
months of a major negative life event,
such as the loss of a loved one, yet
existing data do not consistently point
to an increased risk of infirmity with
acute, major stress. Practitioners also
frequently encounter people living with
high levels of stress on a daily basis,
many of whom suffer with chronic mal-
adies like pain, autoimmunity, anxiety,
or frequent infections. While the inten-
sity and frequency of everyday stress
may not correlate with breast cancer
development, ample data exist showing
an association of sustained stress with
inflammation, mood disorders, and
worse prognosis in the setting of estab-
lished cardiovascular disease. Each per-
son, practitioner and patient alike,
experiences stress to varying degrees.
Though everyday stress may have no
impact on the development of cancer,
part of the role of a healthcare provider
is to ensure that patients possess ade-
quate means to effectively manage
stress, if only to live longer and at
peace. As health care practitioners, we
should be role models in this regard.

What to do with this article: Keep a
hard copy in your file cabinet. ❖
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AHRQ Issues Report on the Safety and 
Effectiveness of Melatonin Supplements

AEVIDENCE REVIEW CONDUCTED IN 2004 BY HEALTH AND HUMAN SERVICES’ (HHS) AGENCY

for healthcare research and quality found that melatonin supplements, which people
often take for problems sleeping, appear to be safe when used over a period of days or
weeks, at relatively high doses and in various formulations. However, the safety of mela-
tonin supplements used over months or even years is unclear. Although there is some evi-
dence for benefits of melatonin supplements, for most sleep disorders the authors found evi-
dence suggesting limited or no benefits. But the authors say that firm conclusions cannot be
drawn until more research is conducted. The report was requested and funded by the
National Center for Complementary and Alternative Medicine, a part of HHS’ National
Institutes of Health.

The report’s authors reviewed the scientific evidence to date for the benefits of melatonin
supplements used for disorders due to sleep schedule alterations and primary and secondary
sleep disorders. Disorders due to sleep schedule alterations can stem from flying across time
zones or working night shifts. Primary sleep disorders, which include insomnia, can be
caused by factors such as stress or drinking too much caffeinated coffee. Secondary sleep
disorders can also include insomnia, but patients in this category also have underlying mental
disorders, such as psychoses or mood and anxiety disorders, neurological conditions such as
dementia and Parkinson’s disease, or chronic pulmonary disease.

Clinical Application
In its natural form, melatonin is produced by the brain’s pineal gland to regulate the sleep

cycle. In the evening the level of the hormone in the bloodstream rises sharply, reducing
alertness and inviting sleep, and in the morning it falls back, encouraging waking.

Among those problems for which melatonin supplements appear to provide little benefit
are jet lag—a problem that often nags coast-to-coast travelers and those who fly through
other time zones, as well as people who work night shifts.

In contrast, the authors found evidence to suggest that melatonin supplements may be
effective when used in the short term to treat delayed sleep phase syndrome in persons with
primary sleep disorders. In delayed sleep phase syndrome, a person’s internal biological
clock becomes “out of sync,” making it difficult to fall asleep until very late at night and to
wake up early the next morning. But melatonin supplements may decrease sleep onset laten-
cy—the time it takes to fall asleep after going to bed—in persons with primary sleep disor-
ders such as insomnia, although the magnitude of the effect appears to be limited.

Melatonin supplements do not appear to have an effect on sleep efficiency in persons 
with primary sleep disorders, and the effects of the hormone do not seem to vary by the indi-
vidual’s age, type of primary sleep disorder, dose or length of treatment. Sleep efficiency
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refers to the percent of time a person is asleep after
going to bed. Furthermore, melatonin supplements do
not appear to affect sleep quality, wakefulness after
sleep onset, total sleep time, or percent of time spent in
rapid eye movement (REM) sleep. This most important
phase of sleep is characterized by extensive physiologi-
cal changes such as accelerated breathing, increased
brain activity, REM, and muscle relaxation.

In people with secondary sleep disorders, melatonin
supplements do not appear to have an impact on sleep
latency in either adults or children—regardless of dose
or duration of treatment. On the other hand, the hormone
does appear to increase sleep efficiency modestly, but
not enough to be considered clinically significant. Mela-
tonin supplements were not found to have an effect on
wakefulness after sleep onset or percent of time spent in
REM sleep, but they do appear to increase total sleep
time.

“Having evidence on what works and what may have
limited or no benefit for the patient is a key part of
AHRQ’s mission,” said AHRQ Director Carolyn M.
Clancy, MD. “Sleep disorders can affect a person’s qual-
ity of life and job performance, which can translate into
decreased productivity, motor vehicle and industrial
accidents, and even medical errors.” Estimates show that
at least 40 million Americans each year suffer from
chronic sleep disorders, and an additional 20 million
experience occasional sleep problems.

NCCAM Director Stephen E. Straus, MD, said, “The
data from this report provide not only a scientific per-
spective on what is known and not known about mela-
tonin to date, but some intriguing and important leads
for areas of future research on melatonin and its use for
sleep problems. This supplement is of interest to many
Americans as an alternative to prescription drugs for this
purpose.”

Prevalence of Sleep Disorders
Insomnia, the most common sleep disorder, affects 6-

12% of adults, while 15-25% of children have difficulty
initiating or maintaining sleep. Sleep disorders cost an
estimated $16 billion in medical costs alone each year.
Indirect costs due to lost or sub-standard work produc-
tivity, accidents, resulting litigation, and other factors
may increase overall costs many fold. The National
Highway Traffic Safety Administration, for example,
estimates that 100,000 motor vehicle accidents a year
are caused by driver fatigue from sleep deprivation,
which is one result of some sleep disorders, and that

more than 1,500 people are killed and another 71,000
injured annually as a result.

The evidence report was prepared by a team of
researchers led by Terry Klassen, MD, director of
AHRQ’s University of Alberta/Capital Evidence-based
Practice Centre in Edmonton, and Chair of Pediatrics for
the university’s Faculty of Medicine and Dentistry. A
summary of Melatonin for Treatment of Sleep Disorders
can be found at www.ahrq.gov/clinic/epcsums/melat-
sum.htm. To download the full report as a PDF file, go
to www.ahrq.gov/clinic/evrptpdfs.htm#melatonin.

For more information, please contact AHRQ Public
Affairs: (301) 427-1855 or (301) 427-1539.

Source: AHRQ Issues New Report on the Safety and
Effectiveness of Melatonin Supplements. Press Release,
Dec. 8, 2004. Agency for Healthcare Research and
Quality, Rockville, MD. www.ahrq.gov/news/press/
pr2004/melatnpr.htm. 
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Melatonin as an 
Anti-Aging Remedy?

CLAIMS THAT MELATONIN CAN SLOW OR REVERSE

aging are very far from proven. Studies of mela-
tonin have been much too limited to support these
claims and have focused on animals, not people. 

Research on sleep shows that melatonin does play
a role in our daily sleep/wake cycle, and that supple-
ments, (0.1-0.5 mg) can improve sleep in some cases.
If melatonin is taken at the wrong time, though, it can
disrupt the sleep/wake cycle. Other side effects may
include confusion, drowsiness, and headache the next
morning. Animal studies suggest that melatonin may
cause some blood vessels to constrict, a condition
that could be dangerous for people with high blood
pressure or other cardiovascular problems.

These side effects are important to keep in mind
since the dose of melatonin usually sold in stores—
3 mg—can result in amounts in the blood from 10-40
times higher than normal. What long-term effects
such high concentrations of melatonin may have on
the body are still unknown. Until researchers find out
more, caution is advised.

Source: National Institute on Aging. Available at:
www.niapublications.org/engagepages/pills.asp.


