
Saline Lavage
for Sinonasal Disease

By Susan T. Marcolina, MD

RHINOSINUS PATIENTS LIKELY WOULD RESORT TO “UP YOUR NOSE

with a rubber hose,”1 the phrase made famous by Vinnie Bar-
barino in Welcome Back, Kotter, if they thought it would help
relieve their chronic congestion, cough, and postnasal drip (PND).
These symptoms significantly impact quality of life and constitute
the leading cause of school and work absenteeism in the United
States.2

For decades, physicians used physiologic (0.9%) nasal saline
irrigations as adjunctive therapy for sinonasal symptom relief. With
such common usage of antihistamines, antibiotics, and intranasal
steroid sprays and their not uncommon side effects, saline lavage
has reappeared as a viable therapeutic option. Indeed, postoperative
lavage is used to aid in the clearance of nasal secretions, debris, and
intranasal crusts; to reduce the risk of adhesion formation; and to
promote patency of the osteomeatal complexes after endoscopic
sinus surgery.3

Cost and Prevalence of Sinonasal Disease
Nasal and sinus disorders are among the most common and

expensive causes of medical disability. The estimated costs of treat-
ing allergic rhinitis are up to $5.9 billion per year.4 The 1997 costs
of treating sinusitis were approximately $6.1 billion.5

Sinusitis affects 15% of the population6 and allergic rhinitis up to
30%.7 The prevalence of chronic sinusitis among pediatric patients
with respiratory complaints is estimated to be 73% in children 2-6
years of age and 74% in children aged 6-10.8

Pathophysiology 
There is a known association between allergic rhinitis, sinusitis,

and asthma.
The nasal mucosa epithelium presents a large surface area

through the folds of the turbinates that adjusts the temperature and
moisture content of inhaled air and filters out particulates. Thick
mucoid nasal secretions impair airway patency resulting in mouth
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breathing with inspiration of drier, colder air causing air-
way irritability.9

Drainage impairment and stagnation of thick mucoid
secretions encourage colonization and bacterial
growth.10 Morphologic microscopic changes of the res-
piratory mucosa in chronic sinusitis show ciliary disori-
entation with a loss of ciliated cells, shortened abnormal
cilia, and metaplasia with submucosal edema.11

Characteristics of the Saline Irrigant
Several studies have used hypertonic saline, buffered

with sodium bicarbonate.3 (See Table 1.) This mildly
alkaline solution has a pH of 7.6. Alkaline environments
cause the nasal mucus to remain in a “sol” state while
acidic environments may cause a greater proportion of
mucus to remain in a “gel” state, thus increasing viscos-
ity within the nasal cavity and sinuses. Pulsatile saline
delivery has been shown to be more effective in bacteria
removal than nasal irrigation with a bulb syringe.12

Devices for Nasal Saline Lavage
Several devices are used to administer nasal saline

irrigation.13 Respironics offers the RinoFlow® Micro-
nized Nasal Wash and Sinus System, which instills neb-
ulized saline. The nasal drainage is separated and col-

lected in a different section of the unit.14 The Neti Pot is
a traditional porcelain East Indian nasal irrigation
device.15 The SinuCleanse® is similar to the Neti Pot but
is made of unbreakable plastic.16 A simple bulb syringe
can be used to collect and administer the saline. Several
choices of irrigation devices are available for attachment
to the Teledyne Water Pik® models. The Ethicare™ Nasal
Irrigator can be used with either the Hydro-Flo™ Solu-
tion Delivery System or with certain newer Water Pik
models. 

Human Clinical Trials
Talbot et al assessed the effects of isotonic saline

(0.9%, pH 7.6) and hypertonic saline (3%, pH 7.6) irriga-
tion on mucociliary clearance using the saccharin clear-
ance method in a crossover study of 21 non-smoking vol-
unteers without any history of upper respiratory tract
infection symptoms or allergies.3 Study patients served
as their own controls prior to the nasal irrigations. The
authors found that buffered hypertonic saline nasal irriga-
tion significantly increased saccharin transit times in
comparison to control values and after irrigation with
isotonic saline.

Subsequently, Shoseyov et al performed a random-
ized, double-blind study comparing the effects of nasal
wash with hypertonic saline (HS) (3.5%) vs. isotonic
saline (IS) on 34 children (ages 3-16) with chronic maxil-
lary sinusitis.17 The children had been treated with antibi-
otics, b2-agonists, nasal steroids, and systemic steroids,
all of which had been stopped at least one month prior to
enrollment. The patients were randomly divided into two
groups, matched for age and severity of disease. Disease
severity was measured by cough score and nasal secre-
tion/PND scores as well as a radiology score based on
the Water’s projection view. The clinical scores were
measured at the beginning of the study, once weekly for
four weeks, and one month after study completion. The
radiologic score was performed at the beginning of the
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Table 1

Recipe for buffered hypertonic saline (3.0%)

1. Clean 1-quart glass or plastic jar.

2. Fill jar with bottled water.

3. Add 2-3 teaspoons pickling or canning salt.

4. Add 1 teaspoon baking soda.

5. Store at room temperature; shake before use.

Adapted from: Talbot AR, et al. Mucociliary clearance and

buffered hypertonic saline solution. Laryngoscope 1997;

107:500-503.

Questions & Comments
Please call Leslie Coplin, Editorial Group Head, at
(404) 262-5534 between 8:30 a.m. and 4:30 p.m. ET,
Monday-Friday.



study and at the study’s end four weeks later. 
Fourteen of 15 patients in the HS group had complete

resolution of nasal secretions by the third week of thera-
py. Thirteen of 15 HS patients had improved clinical
cough scores and improved PND/nasal secretion scores.
Fourteen of 15 HS patients also had improved sinus
radiology scores. The 15 patients treated with IS had no
significant improvement in coughs nor any significant
change in radiologic scores by the end of the study.
However, 13 of the 15 IS patients experienced a clearing
of nasal secretions. Four patients (three from the HS
group and one from the IS group) dropped out within
four days with burning nasal and throat sensations. 

Davidson et al performed a one-year clinical study of
108 patients with sinonasal disease.18 Sixty-two patients
were treated with nasal saline irrigation alone; 46 were
treated with nasal irrigation in combination with other
therapies. Twenty control patients without sinonasal dis-
ease performed twice daily nasal irrigations. The authors
found that the saline-only patients reported significant
improvements in PND and sleep disturbances. The com-
bination therapy patients also had a significant improve-
ment in PND score, and additional significant improve-
ments in nasal congestion, cleanliness, and smell loss.
The control group reported no significant improvement
in any of the nasal disease-specific measures.

Most recently, Heatley et al examined the effects of
nasal irrigation in a randomized, prospective study of
150 adults with chronic sinusitis (unpublished data,
2000). They found patients treated with hypertonic
saline irrigation (3%, pH 7.6) using either bulb syringe
irrigation or a Neti Pot had equivalent and significant
improvements in quality-of-life symptom scores. The 28
smokers in the study were less likely to show improve-
ment than the non-smokers (58% vs. 76%). Overall,
36% reported decreased usage of sinus medication dur-
ing the study period.

Desrosiers et al examined the effects of topically
administered saline solution and antibiotics delivered by
RinoFlow Nasal Wash and Sinus System in a double-
blind, placebo-controlled pilot study of 20 subjects with
refractory sinusitis who had failed medical therapy,
endoscopic sinus surgery, and culture-directed antibiotic
therapy.19 The subjects were studied for eight weeks;
one group received nasal nebulization with normal
saline and the other group nebulization with tobramycin
(20 mg/ml). Baseline studies done on both groups
included Rhinoconjunctivitis Quality of Life Quotient
Scale, Sinonasal Symptomatology (VAS) Scale, and
Endoscopic Assessment.20 Saline aerosol therapy was
found to be well tolerated and effective in reducing the
sinonasal symptoms of pain, congestion, and PND.

Endoscopically documented improvement in mucosal
edema and secretions, and improved nasal symptoms,
non-nasal symptoms, sleep, activity, and emotional
well-being also were demonstrated. Addition of
tobramycin to the saline solution added no statistically
significant benefit.

Davidson et al have shown that pulsatile saline nasal
irrigation is an important adjunctive treatment for chronic
rhinosinusitis patients with cystic fibrosis after endoscop-
ic surgery.21 He found that the addition of aerosolized
tobramycin inhibits the growth and colonization of
Pseudomonas organisms in this patient population.

Adverse Effects
Irrigations of hypertonic saline initially can cause

nasal irritation, discomfort, otalgia, or pooling of saline
in paranasal sinuses. Injury to the nasal mucosa also
may occur if irrigant temperatures are extreme.18

Contraindications/Precautions
If instructed carefully in the nasal saline lavage tech-

nique, patients tolerate the procedure well and can per-
form it as part of their daily hygiene. It is well tolerated
and safe in pediatric patients, usually after age 6 or 7,17

and in pregnant and lactating women.16

Conclusion
Several studies have shown nasal irrigation with

hypertonic saline solution to be a safe, inexpensive
method to alleviate sinonasal symptoms. It has been
used effectively as adjunctive therapy to reduce the
usage of antibiotics and other sinus medications in
patients with chronic sinusitis. It is useful after sinus sur-
gery. Aminoglycoside antibiotics have been used effec-
tively as additives in some nasal irrigation protocols,
especially in the management of chronic rhinosinusitis
in patients with cystic fibrosis.

Recommendation
Nasal saline lavage should be used as part of a com-

prehensive approach to patients with rhinosinus diseases.
The ease of administration, efficacy, and low cost make
it universally available. Patients should be instructed in
the use of this technique with careful clinical follow up
and addition of other therapies as warranted.   ❖

Dr. Marcolina is a board-certified internist and geriatri-
cian in Issaquah, WA.
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Creatine to Enhance
Sports Performance
By Dónal P. O’Mathúna, PhD

THE OLYMPIC GAMES HAVE COME AND GONE. ELITE ATH-
letes from around the world lined up in Australia

and impressed us with their talents and perseverance.
Gold, silver, and bronze were awarded—the fruit of
years of training, coaching, and, in some cases, drugs. 

The nagging question of how “clean” an athlete’s per-
formance should be is raised at nearly every major
sports event. For years we have pretended that the rare
occasion of a snared athlete proved that performance-
enhancing drugs rarely were used. In reality, some ath-
letes at all levels are taking these substances. Each raises
questions of medical safety.

Since creatine was last reviewed in these pages,1 offi-
cial bodies have weighed in. The International Olympic
Committee and the National Collegiate Athletic Associ-
ation (NCAA) do not ban creatine, but in June 2000 the
NCAA declared that college and university funds could
no longer supply athletes with creatine.2 The American
College of Sports Medicine recommends against crea-
tine supplementation for those under 18 years because
data are completely lacking for this population.3 Many
high school and college football programs openly or
quietly support its use. And its use is greater than ever—
2.5 million kg of creatine was used in dietary supple-
ments in the United States in 1999.3

Background
Creatine’s role in exercise was discovered in 1847

when wild foxes killed after foxhunts were found to
have more than 10 times the amount of creatine in their
meat than sedentary foxes raised in captivity.4 Soon
afterward, creatine levels were seen to correlate with
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muscle mass and urinary levels of creatinine, now
known to be a byproduct of creatine metabolism. In
spite of this early interest, it wasn’t until the 1990s that
creatine burst onto the athletic scene as a potent
ergogenic aid (i.e., a performance-enhancing substance). 

Pharmacology
Creatine is made from three amino acids common to

protein. On average, people require about 2 g/d creatine,
which they obtain in roughly equal amounts from
exogenous and endogenous sources.5 Vegetarians rely
primarily on endogenous production by their livers and
kidneys. Humans store 95% of their creatine in skeletal
muscle, with more found in fast-twitch muscle fibers
than in slow-twitch ones.4

Creatine is vital to the supply of energy for short-
duration, high-intensity exercise such as sprinting,
jumping, power lifting, and tackling. About 60% of the
creatine in skeletal muscle exists as creatine phosphate
(CP). Adenosine triphosphate (ATP) supplies energy for
muscle contraction as it becomes adenosine diphos-
phate. Muscle ATP stores provide fuel for only a few
seconds of exercise, after which CP replenishes ATP.
(See Figure 1.) Muscle CP stores contain fuel for four
to six additional seconds of intense exercise; the
replenishment rate of CP depends on free creatine con-
centrations.6

Creatine is thus essential for short, intense, anaerobic
exercise.4 Thirty seconds of rest will half-replenish CP
levels, though complete recovery may take up to 3-4
minutes.7

Mechanism of Action
Supplemental creatine reasonably could be expected

to enhance performance via two mechanisms. Increased
CP stores would make more energy immediately avail-
able to muscles. And, increased free creatine would
allow depleted CP stores to recover faster and thus short-
en recovery periods during repeated bouts of intense
exercise. 

Creatine supplementation increases plasma creatine

concentrations (up to eight times normal after 5 g).8

Supplementation (5 g, 4-6 times daily, for at least three
days) led to a significant (17%) increase in muscle crea-
tine content, with 20-40% of the increase being in CP
levels.8 However, more than half of the creatine was
excreted unchanged in the urine, with more excreted as
supplementation continued. Increased plasma and mus-
cle levels varied considerably between subjects. The
largest changes occurred with two vegetarians whose
creatine levels were the lowest to start; the smallest
changes were seen in those whose creatine levels were
highest to start.8 Upon ceasing supplementation, muscle
levels returned to normal within four weeks.3

Clinical Studies
Many clinical studies have been conducted with crea-

tine, though none with more than 40 subjects. Thirty-
four controlled studies reviewed in 1998 used, on aver-
age, 12 subjects.9 A 1999 review found 17 studies that
showed some performance improvements, although six
had both positive and negative findings.4 Most of these
studies used 20 g creatine for five days and measured
outcomes on various exercise machines. Another 11
studies using similar supplementation produced no per-
formance improvements with mostly repeated sprints
(running or swimming). 

This year, four additional randomized, double-blind
trials have been published and one meta-analysis pre-
sented. 

In one study, 14 Spanish competitive male cyclists
took either placebo or creatine (5 g qid for five days) and
rode bicycle ergometers alternating every three minutes
between 30% and 90% maximum output.10 The time to
exhaustion increased from 29.9 to 36.5 minutes in the
creatine group (P < 0.05) and was unchanged with
placebo. 

Another Spanish study randomly assigned 17 highly
trained male soccer players to creatine (5 g qid for six
days) or placebo.11 The sum of 6 x 5 meter and 6 x 15
meter sprint times improved significantly for the crea-
tine group, as did the average 5-meter time (P < 0.05).
However, the average 15-meter time and two jumping
tests showed no significant changes. 

A South African study randomly assigned 15 compet-
itive weight lifters to placebo (n = 5) or creatine (3 g tid
for six days).12 Three bouts of isokinetic knee extension
exercises were conducted, with power and work output
measured six ways. Of these 18 measurements, six
improved significantly with creatine (P < 0.03) and five
with placebo (P < 0.05). Product promotional materials
claimed five days of creatine supplementation would
give trained athletes a 5% performance improvement.
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Figure 1

The role of creatine phosphate in regenerating
ATP energy supplies in muscle cells

creatine phosphate creatine

Adenosine diphosphate Adenosine triphosphate



The average dead lift increased 7.81 kg after creatine
supplementation (2.6% improvement, P < 0.02). Those
taking placebo lifted 7.00 kg more (2.3% improvement),
not a statistically significant change. However, the
researchers noted that inequalities between the two
groups may have led to the differences and urged cau-
tion in generalizing their results. 

In a U.S. study, researchers randomly assigned 23
male weight lifters to receive placebo (n = 13) or crea-
tine (5 g qid for five days).13 Arm flexor muscle strength
increased significantly compared to pretest values for
both the creatine (29.9%) and placebo (16.5%) groups
(P < 0.01). The percent increase for creatine was signifi-
cantly greater than for placebo (P < 0.01). Upper arm
circumference and muscle area also increased signifi-
cantly more in the creatine group (P < 0.01).

An unpublished meta-analysis of 32 studies presented
at the American College of Sports Medicine 2000 meet-
ing showed no overall effect of creatine supplementation
on anaerobic performance.2

Adverse Effects
Creatine causes weight gain of 1-3 kg because of

water retention.3 Numerous anecdotal reports claim crea-
tine supplementation causes gastrointestinal problems,
muscle cramping, and renal problems. Controlled studies
generally do not support these concerns. Creatine caused

gastrointestinal problems during studies only when
ingested immediately before or during exercise.14 Two
case studies reported renal problems that resolved upon
ceasing creatine supplementation.15,16 One patient had
preexisting renal problems. A small study of healthy ath-
letes taking 10 g/d creatine for up to five years revealed
no impaired renal function.14 Those with preexisting
renal dysfunction or at high risk for renal disease should
be monitored medically.3

Drug Interactions
No drug interactions are known, although one athlete

had an ischemic stroke after daily consumption of 6 g
creatine, 400-600 mg caffeine, 40-60 mg ephedra, and
several other supplements.2 Theoretically, creatine could
interact with other drugs with renal toxicity.

Formulation
Readily available from meat and fish (containing

roughly 4-5 g/kg), creatine is classified as a dietary sup-
plement, not a drug. It is most commonly available as the
monohydrate in powder, candy, gum, and liquid. Numer-
ous products combine it with vitamins, nutrients, and
supplements, with no evidence these provide added ben-
efits. Usually, athletes “load” on 20 g/d creatine for 4-6
days (usually 5 g qid), followed by one 2 g daily dose.
The same creatine “loading” levels are achieved after 30
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Table 1

Creatine price and formulation comparison

Manufacturer’s

Manufacturer/Product Formulation per Serving Recommended Dose Price/Quantity

Muscle Link 5 g creatine monohydrate (99.5% pure) and Mix contents of one packet $41.99/20 packets

Effervescent Creatine Elite 20 g dextrose in 16 oz water or sports drink (27 g each)

Met-Rx Anabolic Drive Series 12.4 g micronized creatine, 400 mg alpha-lipoic Add three scoops to 16 oz cold $34.99/44.4 oz

Creatine Accumulation acid, 10 g glutamine peptide water and stir until dissolved.

Complex, Grape Punch Powder Use one serving daily.

Challenge Creatine Monohydrate 500 mg creatine monohydrate; meets USP Maintenance: 10 tabs/d $34.99/500 tabs

weight and disintegration requirements Loading: 40 tabs/d (10 tabs at

four hour intervals). Ensure

adequate liquid intake

Champion Nutrition Creatine 6 g pure creatine monohydrate, 1,000 mg taurine, Maintenance: mix one scoop $29.95/920 g

Xtreme Island Punch 500 mg L-Glutamine, 500 mg L-Glutamic acid, with 8 oz water, bid

200 mg hydroxycitrate, 15 mg vanadyl Loading: mix one scoop 

nicotinate, 120 µg chromium with 8 oz water, 5 times/d

Optimum Nutrition Creatine 6 g 99.9% pure pharmaceutical grade creatine Maintenance: 2 tablespoons/d $14.99/16 oz

Liquid Energy, Tropical Punch monohydrate, 500 mg methylsulfonylmethane for 8-10 weeks

(MSM) Loading: 2 tablespoons 4-5 times/d

for 3-5 days

Source: online mail-order companies



days of 3 g/d taken as a single dose.17 (See Table 1.)

Conclusion
In spite of the variable research results, some patterns

are recognizable.9 Oral creatine supplementation does not
improve single-bout anaerobic exercise, submaximal
exercise, or aerobic exercise. Improvements occur prima-
rily with repeated bouts of maximal exertion lasting 6-30
seconds with a few minutes recovery (CP-dependent
exercise), such as many football plays, running bases, or
playing soccer. This sort of protocol would allow athletes
to train more vigorously and could indirectly improve
performances. Most studies have been conducted in con-
trolled environments and may not be replicable in compe-
tition. Additionally, people vary widely in their response
to supplementation, with some being unresponsive. 

Recommendation
The performance of athletes involved in high-intensi-

ty, repeated exercise of very short duration may benefit
from creatine supplementation of 2 g/d. Recreational and
endurance athletes will not benefit from creatine. Few
adverse effects have been found, but long-term effects
have received little study. Clinicians should ask athletic
patients if they take such supplements. Most probably
will not be training at the intensity needed to see any
benefits, and should be cautioned about the potential
risks. Anyone susceptible to renal damage should not use
creatine. Parents of promising athletes must choose
between the unclear potential benefits and the unknown
risks of taking creatine supplements, especially for
extended periods. The psychological impact of the pres-
sure to win must not override sound judgment.   ❖

Dr. O’Mathúna is Professor of Bioethics and Chemistry
at Mount Carmel College of Nursing in Columbus, OH.
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Dimethylsulfoxide (DMSO)
and Methylsulfonylmethane
(MSM) and for the Treatment
of Arthritis
By Sharon L. Kolasinski, MD, FACP, FACR

METHYLSULFONYLMETHANE (MSM) HAS ENJOYED A

recent surge in interest as an arthritis remedy. This
follows the 1999 publication of The Miracle of MSM1 as

Alternative Medicine Alert 115



well as recent media attention to actor James Coburn,
who publicly offered his personal testimonial as to
MSM’s efficacy for his rheumatoid arthritis (RA). Simi-
lar anecdotes can be found on some of the more than
800 Web sites devoted to MSM, but most of these sites
simply offer home delivery of MSM tablets or lotions.
Vendors market MSM for a variety of conditions,
including RA, osteoarthritis (OA), fibromyalgia, gout,
constipation, allergies, dyspepsia, parasitic infections,
cancer prevention, and snoring. However, clinical data
of any sort regarding its appropriate indications or use
are distinctly lacking.

Historical Perspective
MSM is an odorless, white, crystalline, water-soluble

powder that is the irreversible oxidation product of
dimethylsulfoxide (DMSO). MSM is also known as
crystalline DMSO and dimethyl sulfone.

DMSO has had its own checkered history as an
arthritis treatment. First synthesized in the mid-1800s, it
became widely available by 1940 as an industrial sol-
vent. Used as a veterinary liniment into the 1960s,
DMSO was adopted by up to 100,000 humans for vari-
ous arthritides. After being linked to ocular toxicity in
experimental animals, the FDA halted human use, and
only permitted gradual resumption of clinical trials after
the ocular complaints were not found in humans. The
FDA also attempted to restrict the use of DMSO to less
than two weeks when used for acute musculoskeletal
conditions.

A leading figure in the use and promotion of DMSO
and MSM is Stanley Jacob, MD, of the Oregon Health
Sciences University in Portland, OR.2 Jacob was
involved in early research efforts concerning the use of
DMSO as a preservative in transplantation. Subsequent-
ly, he found that DMSO was metabolized to MSM, and
he contends that it shares some of the same properties as
DMSO. However, there are no peer-reviewed articles to
substantiate this claim. A search of MEDLINE and
PubMed failed to disclose any peer-reviewed publica-
tions by Jacob on these substances. Jacob serves as med-
ical director for a company that produces and sells
MSM.3

DMSO is now found in paint thinners and antifreeze.
It is available in health food stores and other retail out-
lets as a topical preparation for arthritis. However, these
commercial products may contain impurities since they
are industrial grade, rather than formulated for human
use. DMSO’s only FDA-approved medical use is for
intravesicular instillation for interstitial cystitis. A phar-
maceutical-grade liquid is available by prescription. A
topical preparation combining DMSO and the non-

steroidal anti-inflammatory drug, diclofenac, currently
is under consideration by the FDA. However, anecdotal
reports of adverse reactions by arthritis patients using
industrial-grade DMSO have contributed to a decline in
its use. It remains popular in Russia and some European
countries for the treatment of pain caused by OA and
RA. Most use remains topical, but it has been given oral-
ly and intravenously as well. While DMSO remains in
use, MSM has been marketed as an oral alternative,
despite the lack of laboratory or clinical trials comparing
the two.

Mechanism of Action
The biochemical relationship of MSM to DMSO has

led to the suggestion that the two might work in a similar
manner. Laboratory studies in the 1960s showed that
DMSO was detectable in the blood within five minutes
of topical application and persisted at a plateau level for
36-72 hours.4 Reported in vitro effects include free radi-
cal scavenging and reductions in prostaglandin produc-
tion. Results in adjuvant arthritis models have been con-
tradictory, but where they have been positive, topical use
was more effective than oral administration for treating
inflammation. More recent reports suggest, however,
that a clinically meaningful anti-inflammatory effect is
unlikely.5,6 In animal models, topical DMSO has been
shown to reduce C fiber nerve conduction, consistent
with its purported analgesic effect.4 An interesting recent
report of the effects of topical application of DMSO to
equine cartilage explants showed that prostaglandin syn-
thesis and release were inhibited in a dose- and time-
dependent fashion. Chondrocyte viability was not affect-
ed. The authors cautioned that cartilage matrix metabo-
lism may be affected adversely by direct exposure to
DMSO when DMSO is added to intraarticular lavage
solutions.7

According to Jacob, about 15% of DMSO is metabo-
lized to MSM (August 2000); it is unclear how many of
the properties of DMSO can be attributed to MSM.
According to Jacob, MSM does not share the potent free-
radical scavenger properties of DMSO. MSM may act as
a sulfur donor in amino acid metabolism, based on a
study demonstrating incorporation of radiolabeled sulfur
into methionine and cysteine in guinea pigs after oral
administration of 35S-MSM (radiolabeled sulfur MSM).8

However, the role of dietary sulfur supplementation in the
treatment of arthritis or other diseases is unclear.

One abstract has reported on a reduction in synovial
proliferation in DMSO- and MSM-treated MLR-lpr
mice that are prone to develop a lupus-like autoimmune
disease.9 Fewer mice treated with solutions of either
DMSO or MSM showed the severe histological changes
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associated with inflammatory arthritis than those receiv-
ing plain water, but no statistical analysis of these results
was performed. 

No peer-reviewed data exist to support claims that
MSM protects or repairs cartilage or alters the progres-
sion of cartilage damage related to arthritis. Little labo-
ratory evidence supports claims of anti-inflammatory or
immunological mechanisms of action. 

Clinical Studies
Numerous clinical trials in the 1960s examined

DMSO for the treatment of musculoskeletal conditions.
A synthesis of reports from 76 clinical trials involving
approximately 1,900 patients was published in the Annals
of the New York Academy of Sciences.10 Each trial used a
90% DMSO/10% water solution for topical use and con-
centrated on one of several categories of clinical presenta-
tions (sprain, bursitis, strain, trauma, myositis, tenosyn-
ovitis, neuritis, muscle spasm, arthritis) for treatment. The
length of treatment was generally days to weeks. These
results were reported for “acute” and “chronic” patients
as a group.

About 80-85% of acute patients responded in pain,
swelling, range of motion, stiffness, and tenderness;
65% responded in grip strength. About 65-70% of
chronic patients responded in all categories except grip
strength, where 51% responded. Response was excellent
in 46% of acute patients and in 24% of chronic patients. 

Of the 1,900 patients evaluated, 530 experienced side
effects. All but 74 of these patients reported cutaneous
complaints—burning, erythema, “roughness,” pruritis,

blistering, “dermatitis,” desquamation, and edema.
However, only 69 of the 530 affected patients discontin-
ued therapy because of these side effects. Additional
reported side effects included shooting pain at the appli-
cation site, localized urticaria, dizziness, trembling,
headache, increased urinary frequency, and acne.

The difficulties with interpreting these data are sub-
stantial. The clinical categories are vague (e.g., “sprain”
and “strain”) and do not conform to current standards of
case definition. Patients within diagnostic categories are
surely heterogeneous as a result. Furthermore, data are
presented primarily for “acute” and “chronic” patients
without any definition as to what that might mean. No
entry criteria were specified. The outcome measures are
completely subjective and not standardized, nor are they
reproducible since they are undefined. There was no
active or placebo control. Adverse reactions may have
been underreported since “reports of side effects were
not ordinarily elicited.”

A second report in the Annals of the New York Acade-
my of Sciences also reported on a large population of
patients treated with topical DMSO.11 In this study of
4,180 orthopedic patients, diagnoses included trauma,
soft tissue problems, OA, gout, and RA, as well as pain
related to neuralgia, peripheral vascular disease, and
metastases. 

About 86% of patients with traumatic injuries
responded to DMSO in a 90% solution applied for an
unspecified amount of time. About half of patients with
rheumatic diseases and 37% of patients with other con-
ditions responded if “long-term” use was undertaken.
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Table 1

Dimethylsulfoxide (DMSO) and methylsulfonylmethane (MSM) price and formulation comparison

Manufacturer’s

Manufacturer/Product Formulation per Serving Recommended Dose Price/Quantity

GNC MSM 1000 1,000 mg MSM, potency verified by GNP 1-3 capsules/d $31.99/180 capsules

procedure #5405, meets USP weight and 

disintegration requirements

Trimedica Prodaptive MSM 1,000 mg MSM 1-3 capsules/d $23.99/120 capsules

DMSO Gel 70% DMSO, 30% distilled water not sold for medicinal purposes $21.65/16 oz

Natrol MSM 500 mg MSM 1 capsule tid with meals $17.99/200 capsules

GNC MSM Plus 1,500 mg MSM, 500 mg D-Glucosamine 2 tablets/d $14.99/60 tablets

sulfate

PharmAssure MSM Plex 500 mg MSM, 500 mg D-Glucosamine 1-3 capsules/d $14.99/60 capsules

Balanced Joint Support sulfate, potency verified by GNP procedure

Formula #5405, meets USP weight and disintegration

requirements

Nourish MSM Creme Liposome contains 4% MSM apply to affected areas $12.99/2 oz

3-4 times/d

Source: online mail-order companies



Immediate results were reported to be “amazing” in bur-
sitis. In this study, only 6.3% of patients experienced no
cutaneous side effects, while about 7% had “severe”
skin reactions. Interpretation of these data is constrained
by the same considerations as noted above.

Subsequent double-blind, placebo-controlled trials of
topical DMSO failed to show a difference between
DMSO and a placebo ointment when used for RA12 or
OA.13

Early anecdotes suggested that DMSO might be help-
ful for the treatment of scleroderma. However, a subse-
quent double-blind, prospective, controlled study by the
Cooperating Clinics of the Cooperative Systematic
Studies of Rheumatic Diseases Program of the Ameri-
can Rheumatism Association could not demonstrate effi-
cacy.14

A single placebo-controlled trial of the use of MSM
in OA has been published. In this report, MSM was
given at a dose of 2,250 mg in divided doses vs. placebo.
Pain reduction was reported in 80% of patients who
received MSM for six weeks, compared to 18% of the
placebo group.15 Although these data are positive, this
was a single trial; randomized, double-blind, controlled
trials of MSM are needed.

Adverse Effects
The expected results of topical application of DMSO

include a skin reaction of erythema and warmth. This
reaction may be severe. One of the most notable side
effects of DMSO is the fact that even topical use can
cause a foul taste in the mouth and a body odor reminis-
cent of garlic or oysters. This undoubtedly contributed to
waning in its popularity, though it remains available in
retail outlets and continues to be used. Because it has the
ability to transport other substances transdermally, cau-
tion should be exercised with the use of DMSO and con-
comitant topical preparations. One case report docu-
ments the development of peripheral neuropathy in a
patient who used DMSO in combination with sulin-
dac.16

MSM occasionally has been associated with gastroin-
testinal upset, including diarrhea and abdominal cramp-
ing, which may be dose-related, but within the usual
dose recommendations for treatment of arthritis (2-8
g/d). It does not, however, share the disagreeable skin
irritant or odor-causing properties of DMSO.

Drug Interactions 
No data exist on the potential interaction of sulfur-

containing compounds like MSM or DMSO with other
medications. Given that sulfur moieties may be highly
reactive, appropriate caution is advised.

Formulation
DMSO is available in pharmaceutical grade by pre-

scription. Sold under the brand name Rimso-50® from
Research Medical, it comes in as a 50% aqueous solution
in a 50 ml vial ready for use. For interstitial cystitis, it is
instilled in the bladder for 15 minutes and treatment may
be repeated in two weeks. Prescription DMSO is modified
for use by practitioners for mostly topical but occasionally
oral or intravenous administration depending on the con-
dition to be treated. DMSO is sold in industrial grade in
retail stores and on the Internet as a liquid or gel. All use of
this grade is topical. 

Although MSM does occur naturally in fresh fruits
and vegetables, milk, fish, and grains, commercially
available preparations are synthesized from DMSO.

MSM is available in retail outlets and on the Internet
as powder, tablets, or in topical preparations, including
eyedrops. Powder delivers 4 g/teaspoon MSM. Tablets
are generally 500-1,000 mg each. MSM also is found in
a variety of oral preparations that may contain other
ingredients aimed at treating arthritis and musculoskele-
tal complaints, such as glucosamine sulfate and chon-
droitin sulfate. Dose recommendations range from 500
mg/d for migraine to 6,000 mg/d for more severe prob-
lems. (See Table 1.)

Conclusion
DMSO remains available worldwide and is approved

for use in arthritis in a number of countries. However,
over-the-counter preparations in the United States are
graded for industrial use and may contain impurities. A
pharmacological grade solution is available by prescrip-
tion and approved for intravesicular use for interstitial
cystitis. Decades-old, uncontrolled clinical observations
suggest that topical application can be associated with
analgesia for a number of musculoskeletal indications,
but associated cutaneous side effects may be frequent.

MSM is a popular substance for the treatment of
numerous conditions, but recent interest has been for the
treatment of musculoskeletal conditions. It is chemically
related to DMSO, which enjoyed its own popularity as a
cure-all in the 1960s, but has fallen into disuse. It is
unclear how many chemical and biological properties
MSM shares with DMSO. Scientifically acceptable data
about the use of these substances in the treatment of
human disease are lacking. Virtually no information is
available regarding in vitro or clinical effects of MSM. 

Recommendation
Since all non-prescription DMSO is specifically

graded for other than human use, it should be avoided.
Prescription DMSO should be used under medical
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supervision and patients should be aware that side
effects are frequent. Patients should be made aware that
transdermal transport of other topical agents can occur
in the presence of DMSO. Since it is not known what
effects MSM has in the body, whether it has efficacy in
the treatment of human disease, or what its short- or
long-term side effects are, MSM cannot be recommend-
ed for use at this time.   ❖

Dr. Kolasinski is Assistant Professor of Medicine; Direc-
tor, Rheumatology Fellowship Program; and Chief of
Clinical Service, Division of Rheumatology at the Uni-
versity of Pennsylvania School of Medicine in Philadel-
phia.
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CME Questions

21. Saline lavage would be beneficial in the treatment of which of
the following diseases?
a. Allergic rhinitis
b. Chronic sinusitis
c. Cystic fibrosis
d. All of the above
e. None of the above

22. Saline lavage has been shown to:
a. thin mucus.
b. decrease mucosal edema.
c. enhance mucociliary clearance.
d. None of the above
e. All of the above

23. Evidence from controlled clinical trials indicates that creatine
supplementation may improve athletic performance for:
a. marathon running.
b. triathletes.
c. repeated, short sprints.
d. recreational jogging.

24. According to the American College of Sports Medicine, and
based on the best available data, long-term creatine supple-
mentation by high school football players:
a. cannot be recommended.
b. is highly recommended.
c. is highly dangerous.
d. will bring no performance benefits.

25. Clinical trial data strongly support the use of methylsulfonyl-
methane (MSM) for:
a. osteoarthritis.
b. rheumatoid arthritis.
c. fibromyalgia.
d. None of the above

26. MSM has been found to protect cartilage and repair damage
related to arthritis.
a. True
b. False
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Chemopreventives
for Colorectal Cancer

Source: Janne PA, Mayer RJ. Chemopre-
vention of colorectal cancer. N Engl J Med
2000;342:1960-1968.

“COLORECTAL CANCER IS THE SEC-
ond leading cause of cancer-

related deaths in the United States. It is
estimated that this cancer will develop
in 130,000 people in the United States
in 2000 and that 56,000 will die from
the disease. Surgical resection remains
the only curative treatment, and the
likelihood of cure is greater when the
disease is detected at an earlier patho-
logical stage. Early detection is the goal
of screening programs that use periodic
examination of stool for occult blood,
with or without intermittent endoscopic
examination of the bowel. Three ran-
domized studies have shown a reduc-
tion in mortality of 15-33% in those
who undergo routine screening. Flexi-
ble sigmoidoscopy has been shown in
case-control studies to decrease the
incidence of and mortality associated
with colorectal cancer. Nevertheless,
the optimal method for early detection
remains uncertain, and despite widely
published recommendations for such
screening programs, compliance
remains poor. 

“An alternative approach to reducing
mortality from colorectal cancer
involves the long-term use of a variety
of oral agents that can prevent neo-
plasms from developing in the large
bowel. Such pharmacologic prevention,
known as chemoprevention, is directed
at preventing the development of adeno-
matous polyps and their subsequent pro-
gression to colorectal cancers.

“...Recent observations suggest that
aspirin and other NSAIDs [nonsteroidal
anti-inflammatory drugs], supplemental
folate and calcium, and postmenopausal
hormone-replacement therapy (estro-
gen) have a chemopreventive benefit.
Since the value of such prophylactic
strategies has not yet been confirmed in
double-blind, placebo-controlled, ran-
domized studies, chemoprevention can-
not yet be accepted as standard medical
practice. Chemoprevention should not
replace periodic fecal occult-blood tests
and endoscopic screening, as well as
modification in known risk factors for
colorectal cancer, such as reduction in
the intake of red meat, appropriate exer-
cise, smoking cessation, and weight
control.”

■■ COMMENT
How and when do chemopreventives

work? 
Aspirin and NSAIDs inhibit COX-1

and COX-2, which catalyze prostaglan-
din synthesis; high levels of prostaglan-
dins and COX-2 are found in colon carci-
nomas. Aspirin and NSAIDs also have
other independent effects. How long they
take to work (years, and perhaps
decades), and how much is required
(probably more than an aspirin every
other day) should keep researchers busy
for years.

Folate (vitamin B
9
) has both epi-

demiologic and prospective evidence
for prevention at the 400+ µg/d level.
Part of DNA synthesis, folate takes 15
years to have a statistically significant
effect, but it does. 

Calcium binds bile acids and fatty
acids in the colon, or it may simply
inhibit the proliferation of colonic
epithelium. In a well-done large
prospective study, its effect was seen

after just one year of supplementation. 
No one knows whether estrogens act

by reducing the bile acid production, by
decreasing the production of insulin-
like growth factor I, or directly on the
colon and rectum. But prospective stud-
ies indicate reduced adenoma forma-
tion. These benefits are limited to five
years after taking hormone replacement
therapy (HRT). Estrogen probably acts
at the later stages of colorectal carcino-
genesis.

Unhappily, supplementation of low
levels of beta-carotene and vitamins A,
C, D, and E have not been shown to pre-
vent colon cancer. Though meta-analy-
ses of observational epidemiologic and
case-control studies have found a pro-
tective effect of dietary fiber, increasing
with intake, prospective studies have
not confirmed these observations. Criti-
cisms of these studies also include the
relatively low level of supplementation
of fiber, fruits, and vegetables.

On the other hand, red meat and high
animal fat foods increase the production
of secondary bile acids, which may
cause hyperproliferation of the colorec-
tal epithelium and which promote
tumor formation in studies in animals.

Recommendation
Based on the highest level of evi-

dence, essential lifestyle modifications
for those who wish to avoid colon can-
cer include daily NSAIDs, aspirin,
folate, and calcium supplements; possi-
bly HRT for women; avoidance of red
meat and animal foods; and weight con-
trol. This adds up to a plant-based diet
with fish, and regular aerobic and
strength-building exercise. This set of
recommendations should form the foun-
dation for any others, as new data
become available.   ❖
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Clinician Fact Sheet: Medicinal Foods
Tomato (Lycopersicon esculentum)

EPIDEMIOLOGICAL STUDIES HAVE DEMONSTRATED AN ASSOCIATION BETWEEN THE LYCOPENE

found in tomatoes and a reduced risk of certain diseases and cancer.

Historical Medical Use
Orally, lycopene is used to prevent coronary heart disease, cognitive impairment, and

prostate, pancreatic, cervical, and stomach cancers.

Formulation and Dosage
• 5 to 10 mg of lycopene daily
• One cup (240 ml) of tomato juice contains approximately 23 mg lycopene.
• Processed tomato products (e.g., tomato juice, paste, sauce) are better sources of lycopene

than fresh tomatoes.
• Because it is lipid soluble, lycopene is better absorbed in the presence of oil or fat.

Adverse Effects
• No significant adverse effects have been reported.

Interactions
• Concomitant ingestion with beta-carotene may increase lycopene absorption.

Contraindications
• There are no known contraindications.

Clinical Research
At a 1999 meeting of the American Association for Cancer Research, researchers present-

ed findings from a study of lycopene and men with prostate cancer.1 Supplementation with
30 mg/d lycopene resulted in cancer tissue that was less likely to extend to the edges of the
prostate and precancerous tissue that was less abnormal in presentation.

In a population-based study of 317 prostate cancer patients and 480 controls, researchers
in New Zealand found that lycopene intake was weakly associated with reduced risk of
prostate cancer, whereas intake of beta-carotene was largely unassociated with reduced risk.2

In another recent study, Italian researchers evaluated the effect of tomato intake on total
antioxidant activity in 11 healthy female subjects.3 Following seven days of a diet low in
carotenoids, the subjects were given 25 g/d of tomato puree (7.0 mg lycopene and 0.25 mg
beta-carotene) for 14 days. Both total lycopene and beta-carotene plasma concentrations
increased significantly (P < 0.0001 and P = 0.0036, respectively); however, total plasma
antioxidant capacity did not.

In a similarly designed study, some of these same researchers found that tomato puree did
increase carotenoid concentrations and the resistance of lymphocytes to oxidative stress.4

Intake of 25 g/d of tomato puree for 14 days increased plasma (P < 0.001) and lymphocyte 
(P < 0.005) lycopene concentrations and reduced lymphocyte DNA damage by approximate-
ly 50% (P < 0.0001).
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Peppermint (Mentha x piperita L. Family:
Labiatae)

Orally, peppermint is used for loss of appetite; for
spasms of the gastrointestinal tract, gallbladder, and bile
ducts; and for flatulence, gastritis, and enteritis. Topical-
ly, the oil is used for headache, myalgias, neuralgias,
toothache, oral mucosa inflammation, rheumatic condi-
tions, pruritus, urticaria, and as an antibacterial and
antiviral agent. Peppermint has spasmolytic and antiflat-
ulent activities, and stimulates bile production.

Historical Medical Use
In folk medicine, peppermint has been used to treat

nausea, vomiting, morning sickness, respiratory infec-
tions, dysmenorrhea, indigestion, sore throat, colds,
toothache, cramps, and cancer.

Formulation and Dosage
• For upset stomach, the typical dose is one cup of tea

(1 tablespoon dried leaf in 150 ml boiling water for
10 minutes, then strained) three to four times daily
between meals.

• The usual dose of the tincture (1:5 in 45% ethanol) is
2-3 ml tid.

• The typical oral dose of peppermint oil for digestive
disorders is 0.2-0.4 ml diluted in liquid tid. For irrita-
ble bowel syndrome, the usual dose is 0.2-0.4 ml tid
in enteric-coated capsules between meals.

• Peppermint oil is commonly applied as 5-20% semi-
solid and oily preparations, 5-10% aqueous-ethanol
preparations, and 1-5% nasal ointments.

• For tension headache, a 10% peppermint oil in
ethanol solution can be applied across forehead and
temples, and repeated every 15-30 min.

• For inhalation, 3-4 drops of the oil are used in hot
water.

Adverse Reactions
• The menthol in peppermint can cause a choking and

bronchospasm in infants and small children.
• The menthol in peppermint can cause allergic reac-

tions, including contact dermatitis, flushing, and
headache.

• Theoretically, peppermint leaf and oil can exacerbate
hernia symptoms by relaxing the lower esophageal
sphincter.

Interactions
No interactions are known to occur.

Contraindications
• Peppermint is safe in typical food amounts. However,

in concentrated forms, peppermint should be used
with caution in pregnant and lactating women.

• Peppermint oil is contraindicated when the stomach
is not producing hydrochloric acid.

• Peppermint oil is contraindicated in hypersensitive
individuals and in those with bile duct obstruction,
severe liver disease, and gallbladder inflammation.

Clinical Research
A meta-analysis of eight randomized, controlled tri-

als indicated that peppermint oil could be efficacious for
symptom relief of irritable bowel syndrome.5 However,
methodological flaws associated with the studies pre-
clude a definitive judgment about efficacy.

A recent review by Wilkinson examined the use of
herbs for the relief of morning sickness during pregnan-
cy.6 Peppermint was cited in 44% of the articles
reviewed and was found unsafe in 6%.

References
1. Haney DQ. “Tomato nutrient is found to fight prostate

cancer.” Associated Press, Philadelphia, April 12,
1999.

2. Norrish AE, et al. Prostate cancer and dietary
carotenoids. Am J Epidemiol 2000;151:119-123.

3. Pellegrini N, et al. Tomato consumption does not affect
the total antioxidant capacity of plasma. Nutrition
2000;16:268-271.

4. Porrini M, Riso P. Lymphocyte lycopene concentration
and DNA protection from oxidative damage is
increased in women after a short period of tomato con-
sumption. J Nutr 2000;130:189-192.

5. Pittler MH, Ernst E. Peppermint oil for irritable bowel
syndrome: A critical review and meta-analysis. Am J
Gastroenterol 1998:1131-1135.

6. Wilkinson JM. What do we know about herbal morn-
ing sickness treatments? A literature survey. Mid-
wifery 2000;16:224-228.

Additional Resources
McGuffin M, et al. American Herbal Products Association's Botani-

cal Safety Handbook. Boca Raton, FL: CRC Press; 1997.

Natural Medicines Comprehensive Database. Stockton, CA: Thera-
peutic Research Center, Inc.

Schulz V, et al. Rational Phytotherapy. 3rd ed. Berlin: Springer-
Verlag; 1998.

The Review of Natural Products. St. Louis, MO: Facts and Compar-
isons.

Foster S, Tyler VE. Tyler’s Honest Herbal. 4th ed. Binghamton,
NY: The Haworth Herbal Press; 1999.

Alternative Medicine Alert, P.O. Box 740059, Atlanta, GA 30374. Copyright © 2000 by American Health Consultants. This is an educational publication designed to present scientific information and opinion
to health professionals, to stimulate thought, and further investigation. It does not provide advice regarding medical diagnosis or treatment for any individual case. Opinions expressed are not necessarily
those of this publication. Mention of products or services does not constitute endorsement. Professional counsel should be sought for specific situations. The publication is not intended for use by the layman.


