
Glucosamine for Osteoarthritis:
An Update 

By Sharon L. Kolasinski, MD, FACP, FACR

GLUCOSAMINE SULFATE CONTINUES TO BE ONE OF THE MOST FRE-
quently taken dietary supplements in the United States. Princi-

pally those with symptomatic osteoarthritis (OA) take glucosamine,
often in combination with chondroitin sulfate or other ingredients,
in oral as well as topical forms. Glucosamine is widely available in
retail pharmacies and in nutrition and health food outlets, or can be
ordered by mail or via the Internet. 

Osteoarthritis is the most common form of arthritis and is a lead-
ing cause of pain and disability, including lost time from work.
Symptomatic knee OA affects more than 6% of those older than 
age 30,1 and OA can be found in the majority of people older than
age 70.2

The pathophysiologic processes of OA include local and sys-
temic factors. Systemic factors like age, sex, and inherited suscepti-
bility to OA probably influence the vulnerability of cartilage to
injury and the capacity for cartilage repair. The effects of growth
factors and cytokines on chondrocytes and their production of carti-
lage matrix constituents, like proteoglycan, are among the mecha-
nisms through which systemic factors exhibit their influence. Local
biomechanical factors act on this background of cartilage vulnera-
bility and include repetitive trauma, obesity, and muscle weakness.1

As a building block of proteoglycan and hyaluronic acid, glu-
cosamine has an obvious appeal as a potential treatment for OA. 

Current treatment guidelines include nonpharmacologic
approaches, as well as the use of injectable medications, analgesics,
and nonsteroidal anti-inflammatory drugs (NSAIDs).3 Each has its
limitations, including the potential for considerable toxicity due to
NSAIDs, and interest remains high in identifying chondroprotec-
tive or disease-modifying agents in OA that might help prevent or
reverse degenerative changes. Controversy persists as to whether
glucosamine is such an agent. This newsletter summarized a seg-
ment of the available studies on glucosamine in 2001;4 this article
will review some of the additions to the basic science and clinical
literature since. 
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Pharmacokinetics
Previously summarized reports have shown that glu-

cosamine is rapidly absorbed in animals and humans
and has numerous effects in chondrocyte cultures.4 It has
been somewhat more difficult to demonstrate that orally
administered glucosamine has a direct action on chon-
drocytes. One report showed  that 14C could be detected
in rat cartilage four hours after ingestion of 14C-labeled
glucosamine.4 A new report using a dog model has been
published in abstract form.5 It documents a dose-
dependent increase in 13C in the cartilage of dogs that
received two different doses of oral glucosamine. Inges-
tion of 250 mg/d of glucosamine for three weeks led to
an increase of 1.6% in 13C in cartilage compared to con-
trol, whereas ingestion of 500 mg/d for two weeks was
associated with a 2.6% increase. The authors suggested
that the amount of radioactivity detected was consistent
with what would be expected given the isotope stability
and normal rate of biosynthesis if the 13C were incorpo-
rated into proteoglycan. They further suggested that
these results convincingly demonstrated for the first time
that oral glucosamine is bioavailable to chondrocytes
and therefore could have an effect on proteoglycan
biosynthesis. 

Mechanism of Action
Clinical use of glucosamine antedated a substantial

amount of the basic science research that is now eluci-
dating its potential mechanisms of action. The impor-
tance of glucosamine as a principal component of gly-
cosaminoglycans (GAGs) has been well established. A
protein core combines with GAGs to make proteogly-
can, of which cartilage is composed. It is presumed that
glucosamine has positive beneficial effects due to its
role in supporting the production of proteoglycan. Evi-
dence continues to emerge that glucosamine has other
physiological effects that may be relevant to the treat-
ment of osteoarthritis, in addition to its role as a cartilage
building block. 

Further reports have been published that glucosamine
can reverse the effects of interleukin-1 (IL-1). IL-1 is a
significant mediator of cartilage destruction in OA. It
stimulates the transcription of many genes by activation
of transcription factors like NF-κB, increases activity in
catabolic pathways, and inhibits matrix macromolecule
biosynthesis. Investigators have demonstrated that glu-
cosamine can prevent the inhibitory effects of IL-1 on
proteoglycan synthesis.6 Glucosamine also can interfere
with the upregulation by IL-1 of the destructive matrix
metalloproteinases-3 (MMP-3).6,7 These actions may be
mediated by effects of glucosamine on both the produc-
tion of IL-1 receptors, as well as inhibition of NF-κB.8

New evidence of a potential anti-inflammatory mech-
anism came in a report that glucosamine suppressed
numerous inflammatory effects of neutrophils in a dose-
dependent manner.9

Clinical Studies
Previously summarized reports demonstrated short-

term analgesic efficacy for glucosamine comparable to
that of NSAIDs, but with less toxicity.4 One long-term
study remains controversial in its conclusion that glu-
cosamine may modify the course of OA.10 Although this
three-year prospective, randomized, placebo-controlled
study suggested that glucosamine could halt the radi-
ographic progression of knee OA, it has been criticized
because the radiographic technique used is subject to
variation in interpretation. In a recently published exten-
sion of this work, the authors performed additional
analyses on this same study cohort. Their reanalysis sug-
gests that patients may vary in their response to glu-
cosamine based on the severity of their OA.11 Subjects
with less severe OA at the outset were the most likely to
progress, as measured by the percentage change in radi-
ographic joint space narrowing. However, glucosamine
had a larger effect on subjects with less severe disease
than in those with more severe disease. In the highest
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quartile of baseline mean joint space width (least severe
OA), joint space narrowing of 14.9% was seen in the
placebo group after three years, but only 6% in the glu-
cosamine group. 

A second, three-year study recently has been pub-
lished that supports the conclusions of the Reginster
trial.12 Among the authors of this paper are two scientists
from Rotta Research Laboratories, manufacturers of the
glucosamine preparation used in both trials. They also
were among the authors of the Reginster paper. The
Pavelka study recruited subjects at a single center in
Prague and 202 participants were randomized to receive
either glucosamine 1,500 mg/d or placebo. Radiographs
of the knees were obtained in full extension and posi-
tioning was fluoroscopically guided. Two independent
radiologists blinded to treatment assignment read them.
In subjects completing each year of treatment with
placebo there was progressive loss of joint space (total
loss after three years = 0.36 mm). However, there was
no loss in the glucosamine group. In addition, the num-
ber of subjects experiencing severe joint space loss 
(> 0.5 mm) and worsening osteophyte scores was signif-
icantly greater in the placebo group. Pain and functional
limitation measured by the Lequesne Index and
WOMAC scores decreased in both treatment groups.
However, the improvements were significantly larger in
the glucosamine group. There was no statistically signif-
icant difference in side effects between the groups. 

An additional meta-analysis has recently been pub-
lished,13 but adds little to the contribution of numerous
previous, similar studies4 in terms of conclusions about
glucosamine (and chondroitin). It concludes, on the
basis of data from 1,775 subjects, that use of glu-
cosamine leads to statistically significant pain relief and
improvement in function. It does provide a particularly
comprehensive and up-to-date reference list.  

The Glucosamine/chondroitin Arthritis Intervention
Trial (GAIT), a large, National Institutes of Health-
sponsored, multicenter study remains ongoing. This trial
is being carried out to address some of the unanswered
questions about glucosamine and its possible role in
chondroprotection. The placebo-controlled trial includes
a glucosamine arm, a chondroitin arm, and a combina-
tion glucosamine-chondroitin arm, in addition to an
NSAID-treated group. A subset of patients will be fol-
lowed radiographically to help assess the purported dis-
ease-modifying ability of glucosamine. 

An interesting case report was recently published
regarding the use of glucosamine for symptomatic
degenerative disc disease.14 A 56-year-old man with a
15-year history of back pain noted a gradual improve-
ment in range of motion and pain over a six-month peri-

od after taking 1,500 mg glucosamine and 1,200 mg
chondroitin daily. Magnetic resonance imaging of the
lumbar spine was obtained at baseline and after one and
two years of supplementation. After two years, brighten-
ing of the T2-weighted signal of the disc cartilage was
noted, suggesting increased water content, and a protru-
sion at the L3-4 disc decreased along with an increase in
disc height of 5-10%. The authors suggest that the pro-
teoglycan content of the extracellular matrix of the
nucleus pulposus may be regenerated by glucosamine
supplementation. This anecdote is entirely speculative,
both with regard to causation of the subject’s improve-
ment and the possible mechanism by which this might
occur. However, an older abstract had suggested that the
pain and decreased flexibility of lumbar spinal OA
might be improved by glucosamine as well.15

A final noteworthy clinical trial is the first to demon-
strate analgesic efficacy for a topical glucosamine prepa-
ration.16 In this single-center, randomized, double-blind
trial, 59 subjects were randomized to apply either a
placebo cream (with a small amount of peppermint oil)
or a commercially available product containing glu-
cosamine sulfate 30 mg/g, chondroitin sulfate 50 mg/g,
shark cartilage 140 mg/g, camphor 32 mg/g, and pepper-
mint oil 9 mg/g. Participants were instructed to apply as
necessary; the placebo group did so 2.7 times/d while
the active group did so 2.4 times/d. The calculated
absorbed dose of glucosamine was 60-120 mg/d (in
addition to 156-300 mg/d chondroitin). Visual analog
scores for pain were the primary outcome measure and
improved in both groups. However, there was a statisti-
cally significant decline in pain in the active group 
(-3.3 cm) compared to controls (-1.6 cm). None of the
secondary outcome measures (WOMAC, SF 36)
improved in the active group compared to controls. 

Adverse Effects
Investigators continue to conclude that glucosamine

use is safe. Virtually all trials report rates of side effects
that cannot be distinguished from those of placebo. In
the Cochrane review,17 only 14 study participants with-
drew from glucosamine trials due to toxicity out of more
than 1,000 subjects included in the review. 

Some controversy remains over whether taking glu-
cosamine might have an effect on glucose homeostasis18

since animal data have suggested that insulin resistance
could develop with high-level parenteral glucosamine
exposure. However, a recent single-center trial of
patients with Type 2 diabetes offers some reassurance.19

In this prospective, randomized, double-blind study, 38
participants received either placebo or commercially
available capsules containing a total of 1,500 mg 
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glucosamine hydrochloride, 1,200 mg chondroitin sul-
fate, 15 mg manganese, and 198 mg ascorbic acid daily.
Baseline and 90-day follow-up levels of hemoglobin
A1c were not significantly changed for either the place-
bo or the treatment group. 

A single case report of an asthma exacerbation
thought to be related to use of a combination glu-
cosamine/chondroitin supplement recently has been
published.20 A 52-year-old woman with longstanding
asthma experienced increased symptoms over a several-
week period associated with initiation of glucosamine
and chondroitin supplementation for OA of the knees
and hips. Her symptoms persisted despite an increase in
albuterol inhaler use and a tapering course of oral
steroids until she discontinued her supplement. She
refused rechallenge with the supplement. She later
recalled an exacerbation of asthma while in graduate
school after dissecting a shark. The authors hypothe-
sized that several observations could implicate the sup-
plement as a possible cause of the asthma exacerbation.
These include the fact that glucosamine antigen prepara-
tions can be allergenic to those with sea squirt allergy;
antibodies to chondroitin sulfate are found in higher
concentrations in the airways of persons with asthma
than in those without; deposition of chondroitin in the
airways is significantly increased in asthmatics com-
pared to controls; and the degree of proteoglycan
immunoreactivity is correlated significantly with airway
responsiveness in persons with asthma. 

Contraindications and Precautions
Some authors have suggested that patients with

seafood allergies should avoid taking glucosamine. Glu-
cosamine is derived from chitin in crustacean shells.
However, no case reports of cross-reactivity have been
published. The risk from taking a glucosamine sulfate
preparation in patients who have sulfa allergy is
unknown. No case reports of this cross-reactivity have
appeared. 

Theoretical concerns have been raised about the safe-
ty of chondroitin sulfate, often used in combination with
glucosamine, in the setting of prostate cancer; we await
further studies to elucidate any potential risk.21

Dosage
Virtually all published clinical trials have used oral

glucosamine sulfate at a dose of 1,500 mg/d. It is avail-
able over the counter in pill and powder forms, as well
as in topical preparations. 

As with all over-the-counter preparations, quality
assurance remains a concern when purchasing glu-
cosamine. Because the Dietary Supplement Health and
Education Act of 1994 severely limits federal regulatory

control over supplements, there currently are no clear
mechanisms for assuring product quality. However,
Consumer Reports recently tested several brands of glu-
cosamine and the glucosamine content was quite reli-
able. Information on additional independent testing also
can be obtained on-line from Consumerlab.com regard-
ing a variety of products, including glucosamine. 

Conclusion
Glucosamine has been in use for the treatment of OA

for more than 30 years. Despite the limitations (small
size, short duration) of the numerous, randomized,
placebo-controlled trials, meta-analyses have convinc-
ingly demonstrated that glucosamine can be effective for
relief of pain, stiffness, and functional disability due to
OA. The potency of glucosamine appears to be equiva-
lent to that of an NSAID with substantially less toxicity.
Longer-term trials support the safety and efficacy of glu-
cosamine, but do not yet convincingly demonstrate a
disease-modifying effect. In part, this is because the
ability to assess disease progression in OA is limited. 

Recommendation
Glucosamine remains a reasonable addition to the

treatment regimen for symptomatic OA that includes
weight loss, exercise and physical modalities, and assis-
tive devices as appropriate.3 Glucosamine might be used
as an alternative to NSAIDs, especially for the patient
who is concerned about taking prescription medications
or who has experienced adverse effects due to NSAIDs,
most notably gastrointestinal bleeding, peripheral
edema, or exacerbation of hypertension. 

The total daily dose of glucosamine sulfate is 
1,500 mg/d in two or three divided doses (available both
in 500 mg and 750 mg tablets). A trial of at least six
weeks seems appropriate to assess whether the patient
experiences significant pain relief. Glucosamine also is
appropriate to use along with an NSAID in a patient
with an incomplete response. 

Glucosamine cannot be recommended to prevent the
onset of OA at this time.   ❖

Dr. Kolasinski is Assistant Professor of Medicine; 
Director, Rheumatology Fellowship Program; and Chief
of Clinical Service, Division of Rheumatology at the 
University of Pennsylvania School of Medicine in
Philadelphia. 
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Passionflower Liquid 
Extract for Anxiety
By Francis Brinker, ND

WITH THE RECENT QUESTIONABLE DISCREDITING OF

the safety of kava, a botanical shown to be effec-
tive in alleviating anxiety, interest in other alternatives to
current medications for this condition has grown. A
number of botanicals known for their “nervine” proper-
ties are being investigated. Nervine is an old term
applied to botanical remedies known for their calming
effects and relaxing aspects as mild sedatives. Studies
with extracts of the aerial parts of passionflower, Passi-
flora incarnata, have shown promise for treating anxiety. 

History of Medicinal Use
This particular species of passionflower is indigenous

to the southeastern United States. It is a perennial tropi-
cal vine that was first introduced into clinical medicine
in America in the late 19th century. Eclectic physicians
and homeopaths helped popularize the use of alcoholic
extracts of the fresh plant for nervousness, restlessness,
and any over-excitement of the nervous system, espe-
cially for cases resulting in insomnia.1

The relatively late introduction of passionflower into
the medical armamentarium—just prior to the domi-
nance of pharmaceutical medications—in part led to its
neglect outside of alternative methods of practice in
America. Consequently, it never achieved status as an
official drug in the United States Pharmacopeia.
Although some naturopathic doctors and herbalists used
it here and in Great Britain throughout the 20th century,
its widespread incorporation into European medical
practice resulted in an active scientific interest in its
therapeutic potential. In 1985, passionflower received
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approval by the German Commission E for use as a rem-
edy for “nervous restlessness.”2

Laboratory Pharmacological Research
Identification of the sedative and anti-anxiety compo-

nents of passionflower has been pursued in animal stud-
ies. Maltol has been proposed as an active component,
but may actually be formed during heat-extraction
processes.3 Freeze-dried hydroalcoholic and aqueous
extract of passionflower fresh-frozen aerial (above
ground) parts were tested by intraperitoneal injection for
behavioral effects along with known constituents includ-
ing harman alkaloids, flavonoids, and maltol.4 Whereas
a 400 mg/kg dose of hydroalcoholic extract had anxi-
olytic properties, the aqueous extract showed sedative
effects at 400 mg/kg and at 800 mg/kg induced sleep in
mice given a sub-hypnotic dose of pentobarbital. Mix-
tures of maltol with alkaloids or with flavonoids pro-
duced neither sedative nor anxiolytic activity. Thus, it
appears that extracts of the above-ground portion of the
plant are more effective than partial mixtures of what are
believed to be the active constituents. 

Using bioactivity-directed fractionization and chro-
matography, dried and powdered aerial parts of passion-
flower were extracted with methanol.5 This extract was
further sequentially extracted, but only the remaining
methanol fraction retained any anxiolytic activity when
administered orally to mice using the elevated plus-
maze model. A sub-fraction of this portion showed anxi-
olytic activity at 10 mg/kg. Phytochemical screening
found the active sub-fraction to be devoid of all known
phytoconstituents, but contained a benzoflavone deriva-
tive of uncertain identity. 

The mechanisms by which passionflower and its
extracts and components influence mental conditions
are not entirely understood. Passionflower extract is a
dose-dependent competitive inhibitor of in vitro binding
at central benzodiazepine sites, and inhibits binding at
alpha-2 adrenoceptors.6 Another study found a commer-
cial passionflower extract binds to central nervous sys-
tem receptors sites for GABA-A and GABA-B, in addi-
tion to glycine, N-methyl-D-aspartate and quisqualate
receptors, and chloride ion channel receptors.7

Several animal studies have shown that oral adminis-
tration of passionflower products is an effective means
of achieving neurological influence. In a murine model
the sedative activity of an ethanolic extract was com-
pared to an extract combining hydroalcoholic and aque-
ous extract fractions of the aerial parts of the plant.8 The
measured effects were prolongation of pentobarbital
sleeping time and onset of convulsions after
pentylenetetrazole. Oral administration of the two pas-
sionflower extracts produced sedative effects when

using 60 mg/kg of the multifraction extract, whereas
four times as much of the ethanolic extract was required.
A methanolic extract oral dose of 125 mg/kg of P. incar-
nata was as effective as 2 mg/kg diazepam in producing
anxiolytic effects in mice.9 In contrast, petroleum ether,
chloroform, and water extracts of this species and all
four extracts of P. edulis, a close passionflower relative
with similar appearance that is cultivated for its edible
fruit, were ineffective in this test. 

Clinical Studies
A recent double-blind, randomized, parallel-group

trial in Iran compared 45 drops/d of a liquid extract of
passionflower to 30 mg/d of oxazepam in treating gener-
alized anxiety disorder.10 The study involved 20 women
and 16 men ages 19-47 who satisfied DSM IV criteria
for the diagnosis, along with a score of 14 or more on
the Hamilton Anxiety Rating Scale, the principal meas-
ure of outcome. All psychotropic medication was
stopped for at least seven days prior to study. Patients
were assessed by a psychiatrist at baseline, day 4, and
weekly after medication was initiated and subsequently
administered over a four-week period. Compared to
baseline, both the treatments significantly reduced anxi-
ety scores with efficacy of oxazepam apparent from day
4 and that of passionflower extract from day 7. The dif-
ferences between the two groups were only significant at
day 4. As for adverse effects, impairment of job per-
formance occurred significantly more often in the
oxazepam group, but for total side effects there were no
significant differences. 

Some of these same investigators participated in
another clinical trial utilizing the same passionflower
liquid extract.11 In this double-blind, randomized, con-
trolled trial, the use of 0.8 mg/d clonidine as the main
therapy for treating opiate detoxification (along with 60
drops of placebo) was compared with the combination
of clonidine and 60 drops daily of passionflower extract.
The placebo and extract were given three times per day
in divided doses. No other psychotropic medication was
given. The patients were 65 males who fulfilled DSM IV
criteria for opioid dependence. All were otherwise phys-
ically healthy, and those with affective disorder or a his-
tory of psychiatric problems were excluded. Opiate
withdrawal severity was evaluated seven times over 14
days by a psychiatrist trained in using a modified Short
Opiate Withdrawal Scale, which scored physical and
behavioral symptoms (higher scores associated with
worse symptoms). The behavioral symptoms evaluated
were dysphoria, anxiety, agitation, irritability, and crav-
ing for substances. 

On the basis of 10 physical symptoms, there were no
significant differences between the two groups over the
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14 days, though the passionflower group had consist-
ently lower scores. For the five mental symptoms there
were significantly higher mean mental scores on days 
2, 3, 4, 7, and 14 for the clonidine group than for the
group that used the passionflower extract. The total
score average was significantly higher for clonidine than
passionflower on day 14. Because benzodiazepines are
not recommended for substance abuse withdrawal due
to their own potential for inducing dependence, passion-
flower extract was considered a useful adjunct to stan-
dard therapy for managing emotional symptoms in opi-
ate addiction. 

Precautions and Interactions
The potential drowsiness caused by the sedative

effects of passionflower may impair the ability to drive
or operate machinery. Its safety for use during pregnan-
cy or while nursing has not been established.3 The
increased hypnotic effects of barbiturates when com-
bined with hydroalcoholic and/or aqueous extracts of
passionflower have been noted in animals.4,8

Adverse Effects
Since its introduction into medicine, passionflower

and its extracts have been noted for their safety, with no
side effects observed following any applications.1 The
German Commission E monograph indicated that no
side effects were known;2 however, a work published by
the Canadian Pharmacists Association in conjunction
with the Canadian Medical Association noted that
drowsiness may occur. One case of hypersensitivity vas-
culitis has been documented.3

The previously cited clinical anxiety study found
mild-to-moderate impairment of job performance in
eight of 16 subject in the passionflower group, but this
was less significant than the five mild-to-moderate and
six severe job performance problems found in 15 partic-
ipants using oxazepam.10 The other most common com-
plaints after using the extract were dizziness (7), drowsi-
ness (6), and confusion (4), and were equivalent to
oxazepam users in number (8, 7, and 4, respectively) but
of less severity. 

A single case of severe nausea, vomiting, drowsiness,
prolonged QTc segment, and brief episodes of ventricu-
lar tachycardia associated with passionflower use has
been reported.12 Tablets from the product obtained from
this patient were analyzed and found consistent with
expected chromatographic profiles, and no digitoxin or
digoxin was detected. Theoretically, the harman alkaloid
components might have been responsible, if the patient
had a specific polymorphic variation of genes for
cytochrome P450 isozymes. Harman alkaloid content
varies but should not exceed 0.01%.2

Formulation and Dosage
The Commission E dosage recommendation is 4-8 g

daily of the above-ground plant parts made into a tea, or
equivalent preparations.2 Based on existing pharmaco-
logical research, a water extract is more likely to have
sedative activity than anti-anxiety effects.4,8

Anxiolytic activity has been demonstrated with
hydoalcoholic and methanolic extracts in animals.4,5,9

The clinical trials demonstrating anti-anxiety effect uti-
lized a liquid (likely hydroalcoholic) extract of unde-
fined strength in doses of 45-60 drops daily (depending
on the drop size, 2-4 mL), given in three divided
doses.10,11

General adult doses of hydroalcoholic liquid extracts
include 1-4 mL of a 1:8 tincture 3-4 times daily, or,
0.5-1.0 mL of a 1:1 liquid extract (made with 25% alco-
hol) three times daily. Children 3-12 years of age should
receive a portion of the adult dose calculated according
to body weight.3

Conclusion
Passionflower has a history of use as a safe, mild

sedative when used as a tea or tincture, especially for
treating insomnia. Recent clinical studies have shown
that a liquid extract is effective in helping to relieve anx-
iety as well as for ameliorating mental withdrawal
symptoms associated with substance abuse. Hydroalco-
holic extracts have been shown to relieve anxiety symp-
toms, whereas a tea made from the herb has more of a
sedative effect. 

Recommendation
Choosing passionflower for the treatment of anxiety

is not based on its dramatic potency, but, as with many
herbs, is due to its efficacy for managing conditions with
adequate strength and relative safety. Employed on a
clinical trial basis in cases of mild anxiety, passion-
flower hydroalcoholic extracts given throughout the day
for 1-2 weeks can provide effective relief from this com-
mon condition. Taken at bedtime when necessary, espe-
cially after loss of sleep resulting from worry, passion-
flower as a tea provides a relaxing nightcap. Use of the
herb or tea during pregnancy or lactation, before driving,
or with alcohol or sedative drugs should be avoided.   ❖

Dr. Brinker is an Instructor at the Program in Integrative
Medicine at the University of Arizona, Tucson. 
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Antibiotic-Resistant Food-
borne Illness: More than
‘Meats’ the Eye?
By Susan T. Marcolina, MD, FACP

AS MULTIPLE DRUG RESISTANCE PATTERNS HAVE

emerged in bacteria, closer surveillance of medical
antibiotic prescribing practices has been undertaken.1

Another area that requires further evaluation, however,
is the use of antibiotics in animal husbandry, because
this constitutes the largest use of antimicrobial agents
outside human medicine.2

This article tracks the link between agricultural
antibiotic use and the emergence of drug-resistant bacte-
ria in foodborne illnesses that have become increasingly
difficult to treat. 

Agricultural Antibiotic Use
The practice of using antibiotics in the raising of food

animals on farms originated in Europe and North Amer-
ica in the 1950s and was lauded as a mechanism to pro-
mote growth and increase feed efficiency. Animals that
receive small but regular amounts of antibiotics in their
feed gain 4-5% more weight than animals eating con-
ventional feed.3 In addition to growth promotion,
healthy animals also are given low-dose antibiotics for
disease prevention purposes. Veterinarians also prescribe
antimicrobials therapeutically to sick animals.4

According to statistics provided by the Animal Health
Institute (AHI), an organization representing manufac-
turers of drugs for animal use, 22 million pounds of
antibiotics were used on farms in 2001. The pharmaceu-
tical industry, however, is not required to reveal sales
statistics on antibiotics for agricultural use. Table 1 sum-
marizes estimates compiled by the Institute of
Medicine5 and the Union of Concerned Scientists.6

Classes of Antibiotics Used in Food Animals
The FDA has specified three categories of antimicro-

bial drugs used in agriculture. These categories are
based on the drug’s relative importance to human medi-
cine. Category I antimicrobials have unique and impor-
tant uses for serious human diseases for which there are
few or no therapeutic alternatives. Category II antimi-
crobials are important in the therapy of serious infec-
tious diseases, foodborne or otherwise, but for which
there are satisfactory alternate therapies. Category III
antimicrobials have little or no use in human medicine
and are not drugs of choice or significant alternatives for
treating human infections. Table 2 lists antimicrobials
approved by the Food and Drug Administration (FDA)
for growth promotion.4,7
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Table 1

Estimates of annual antibiotic 
use in the United States4-6

Institute of Medicine
• 50 million lbs. of antimicrobials used annually 

–60% in human medicine
–32% nontherapeutic agricultural uses
–8% therapeutic agricultural uses

Union of Concerned Scientists
• 35 million lbs. of antimicrobials used annually

–13% in human medicine
–78% nontherapeutic agricultural uses 
–6% therapeutic agricultural uses
–3% in pets



Meat Production Practices
Industrialized animal agriculture, which predomi-

nates in the United States and other developed countries,
relies upon crowded, often unsanitary, stressful growing
conditions in order to meet the market demands to pro-
vide large amounts of inexpensive meat. Proponents of
the use of antibiotics for growth promotion and disease
prevention in livestock and poultry farming consider
them to be an integral part of these intensive livestock
operations.7 Sweeping changes in the use of these agents
has raised concerns about a loss of income to farmers. In
Sweden, where the use of antimicrobials for growth pro-
motions was prohibited in 1986, improved animal
hygiene and altered farming practices have restored the
initial productivity losses.8

Ramifications of Agricultural 
Nontherapeutic Antimicrobial Use

The nontherapeutic use of antimicrobials in animals
has created selection pressures that favor the survival
and spread of a pool of resistant organisms in the intes-
tines of the animals and, hence, in animal wastes spread
throughout the environment, in surface water, ground
water, and soils.4 Nearly 2 trillion pounds of manure is
generated on U.S. farms annually. The resistance genes
in the fecal bacteria can transfer to unrelated bacteria,
including types that cause human disease.9

Levy et al examined the effect of feed containing
chlortetracycline on the intestinal flora of chickens and
human farm dwellers. Following a controlled experi-

mental design, the chickens were divided into two
groups; one group received feed containing subthera-
peutic doses of oxytetracycline and the control group
received antibiotic-free feed. After a two-week interval,
90% of the experimental chickens excreted tetracycline-
resistant organisms. Multidrug resistance (to sulfon-
amides, streptomycin, ampicillin, and carbenecillin) also
developed. This resistance was transferred to humans.
Within a six-month interval, more than 30% of fecal
samples from farm dwellers contained greater than 80%
tetracycline-resistant bacteria, compared with 6.8% in
neighborhood control subjects (P < 0.001).10

Holmberg et al examined a six-state outbreak of ill-
ness caused by a plasmid-mediated, multidrug resistant
strain of Salmonella newport. This human illness was
attributed to ingested beef that was traced back to a feed-
lot that used subtherapeutic doses of chlortetracycline as
a growth promoter. Study investigators documented the
presence of the outbreak organism in isolates from ani-
mals and humans on an adjacent dairy farm. Additional-
ly, this study identified an increased risk of illness with a
resistant S. newport strain in patients who recently had
taken antibiotics for other infections (odds ratio: 51.3; 
P = 0.001). This study enhances our understanding of
how resistant enteric pathogens can be transmitted
through the food chain.11

Such drug resistances acquired by Salmonella and
Campylobacter pathogens increase the frequency and
severity of disease, limit treatment options, and increase
health care expenses.4

Regulation
The National Antimicrobial Resistance Monitoring

System (NARMS) is a joint surveillance system for
monitoring antimicrobial resistance in foodborne
pathogens. It is a cooperative effort of the Center for
Disease Control and Prevention (CDC), the U.S. Depart-
ment of Agriculture, the FDA’s Center for Veterinary
Medicine (CVM), and 17 participating state and com-
munity health departments that was established in 1996. 

Great differences in the use and licensing of antibi-
otics for use in food animals exist worldwide. The Euro-
pean Union banned the use of all antibiotic growth pro-
moters in 1999. Tylosin and virginiamycin are still used
in the United States as growth promoters and cause cross
resistance to similar classes of antibiotics, the
macrolides and streptogramins, respectively, that are uti-
lized in human medicine. Chloramphenicol is still used
for veterinary purposes in Russia. Because meat prod-
ucts are traded globally, evolving bacterial populations
with multiple antibiotic resistances also transcend geo-
graphic boundaries to cause human disease.3

Alternative Medicine Alert 129

Table 2

Antimicrobials approved by the FDA for 
growth promotion in food animals4,6

Antimicrobial Category Similarity to 
Name Human Antibiotic
Amprolium III
Arsanilic acid III
Bacitracin II Bacitracin
Bambermycin III
Carbodox III
Chlortetracycline I Tetracyclines
Erythromycin I Erythromycin
Lasalocid III
Monensin III
Oxyetracycline I Tertracyclines
Penicillin II Sulfonamide
Sulfonamide II Sulfonamide
Tylosin II Erythromycin
Virginiamycin I Quinupristin-

Dalfopristin



Antimicrobial Resistance in Foodborne Pathogens
Antibiotic resistance that arises from animal hus-

bandry practices affects zoonotic pathogens (those trans-
missible from animals to humans) such as Salmonella
and Campylobacter sp., both of which are responsible
for diarrheal diseases.12 A retrospective study of infec-
tions with Salmonella enterica serotype typhimurium
DT 104 by the CDC revealed that the percentage of iso-
lates with multiple antibiotic resistances (ampicillin,
chloramphenicol, streptomycin, sulfonamide, and tetra-
cycline) increased from 0.6% in 1979-1980 to 34% in
1996.13 This Salmonella strain also has been identified
in several countries in Europe. The recent development
of fluoroquinolone and ceftriaxone resistance is of spe-
cific concern because the fluoroquinolones are the drugs
of choice in adults and ceftriaxone is the drug of choice
in children for the treatment of disseminated salmonel-
losis. This form of Salmonella occurs in 3-10% of cases,
primarily affecting patients at the extremes of age.14,15

In August 1995, the FDA approved fluoroquinolones
to treat Escherichia coli and Pasturella sp. infections in
poultry. Between 1997 and 1999, NARMS noted an
increase in fluoroquinolone resistance from 12.9% in
Campylobacter sp. to 17.6% in C. jejuni (human
pathogen) and 30% in C. coli (a commensal in chicken
intestinal flora). Similar increases in resistant isolates
were obtained from chicken in slaughterhouses and
retail stores. As a result, the CVM has begun to with-
draw approvals for therapeutic use of fluoroquinolones
in poultry.16

In many European and Asian countries where fluoro-
quinolones were approved in the mid-1980s for use in
food animals, resistance in humans is now firmly estab-
lished.17 Of additional concern is the fact that the mini-
mal inhibitory concentrations for fluoroquinolones in
U.S. Salmonella isolates are increasing, which threatens
the efficacy of these drugs for more serious infections.18

Consumer Guidelines
An on-line guide “Eat Well, Eat Antibiotic Free,” pro-

duced by the Institute for Agriculture and Trade Policy,
helps consumers identify and understand the labels for
meat and poultry raised without antibiotics. The guide
provides listings by state of the supermarkets, coopera-
tives, restaurants, and community-supported agriculture
networks that sell and serve antibiotic-free meats.19

Conclusion
Intensive farming practices that produce meat prod-

ucts raised with antibiotic supplementation select for
resistant intestinal and pathogenic bacteria in the ani-
mals, which can be transferred to humans via resistance
genes, resulting in difficult-to-treat foodborne illnesses. 

Recommendation
When possible, patients should purchase meat prod-

ucts from smaller-scale farming practices that favor
organic standards for food animals without the nonthera-
peutic use of antibiotics for growth promotion. Such
changes would decrease the burden of antimicrobial
resistance in the environment and provide health-related
benefits in terms of decreased bacterial resistance pat-
terns for both humans and animals. 

Many patients cannot afford to exclusively purchase
organic meat and poultry. If conventionally raised meats
are purchased, careful attention must be paid to ensuring
adequate cooking and refrigeration temperatures accord-
ing to FDA Food Information Guidelines. It is important
to avoid contamination of table-ready food with raw
meat juices since bacteriologic surveys have shown that
retail purchases of beef, poultry, and pork frequently are
contaminated with resistant strains of bacteria. 

Finally, medical professionals must work with all
stakeholders to implement strategies that will slow the
trajectory of antibiotic resistance. The giant fast food
conglomerate McDonald’s has taken up this cause with
an indictment of the use of antibiotics in livestock pro-
duction that made front page headlines on June 19,
2003.20 The McDonald’s policy, which will be imple-
mented worldwide by the end of 2004, requires direct
beef and poultry suppliers to refrain from using antimi-
crobials as growth promoters and to keep records and
submit to audits verifying adherence. This policy change
came as a result of concerns raised by consumer and
public health advocacy groups. Physicians need to con-
tinue to advocate for the highest standards in food safety
for our patients.   ❖

Dr. Marcolina is a board-certified internist and geriatri-
cian in Issaquah, WA. 
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Clinical Briefs
With Comments from Russell H. Greenfield, MD

Acupuncture 
for Labor Pain

Source: Nesheim BI, et al. Acupuncture
during labor can reduce the use of meperi-
dine: A controlled clinical study. Clin J Pain
2003;19:187-191.

Goal: To evaluate the effectiveness of
acupuncture for pain relief during labor
for women choosing not to have an
epidural.

Design: Prospective, randomized, con-
trolled, unblinded trial.

Subjects: Records from 290 women
with active contractions were available
for analysis (acupuncture arm [n = 106];
“no acupuncture” [n = 92]; control
group matched to “no acupuncture” arm
by parity but not offered participation in
the study [n = 92]).

Methods: Acupuncture points were
selected on the basis of clinical situation
(level of anxiety, degree of pain, dura-
tion of labor, etc.), and were generally

left in place for 10-20 minutes, though
duration of treatment varied. Anal-
gesics, including meperidine, were
offered upon receiving appropriate
patient request. Effectiveness of
acupuncture was measured mainly by
requirement for the use of meperidine.  

Results: Eleven percent of women
received meperidine in the acupuncture
group, 37% in the “no acupuncture”
group, and 29% in the control group. In
the acupuncture group, 34% required no
additional analgesia at all, compared
with 18% in the “no acupuncture” group
and 21% in the control group. 

Conclusion: The use of meperidine and
other analgesics during labor is lowered
with acupuncture, and with a high
degree of patient satisfaction.

Study strengths: Use of a control
group matched to the “no acupuncture”
group; statistical significance was main-
tained even when six missing charts
were included in the analysis as a “worst
case scenario.”

Study weaknesses: The midwife pro-
viding acupuncture was also in charge
of the patient; patients were enrolled
only when one of the midwives was on
duty; lack of a placebo control group;
lack of blinding; satisfaction with pain
relief was not assessed in the “no
acupuncture” group.

Of note: Acupuncture was offered by
eight midwives, three of whom had
taken a 108-hour course at The Norwe-
gian School of Acupuncture, and five
who had received 22 hours of training; a
relatively small number of points were
employed to address specific com-
plaints; of 103 respondents in the
acupuncture group, 89 said they 
would want acupuncture during another
labor.

We knew that: Evidence exists that
opioids are not effective analgesics for
labor pain.

Clinical import: Any means of enhanc-
ing pain relief for women during labor,
especially for those either declining use
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CME Questions
55. Compared to nonsteroidal anti-inflammatory drugs (NSAIDs),

the potency of glucosamine appears to be: 
a. less. 
b. equivalent. 
c. more. 

56. Glucosamine remains a reasonable addition to the treatment
regimen for symptomatic osteoarthritis, especially in patients: 
a. who do not wish to take prescription medications. 
b. who have experienced adverse effects with NSAIDs. 
c. who have incomplete responses with NSAIDs. 
d. All of the above 

57. Use of passionflower is not recommended: 
a. before driving. 
b. with alcohol or sedative drugs. 
c. in pregnant or nursing women. 
d. All of the above 

58. Careful attention must be paid to ensuring adequate cooking
and refrigeration temperatures of conventionally raised meats. 
a. True
b. False

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:55. b, 56. d, 57. d, 58. a.

of an epidural or not having the option
available to them, would be a welcome
addition. Difficulties with blinding 
and placebo acupuncture create chal-
lenges with acupuncture analgesia

research, but studies such as this 
one provide a basis for clinical applica-
tion. That a technique such as acup-
uncture may relieve labor pain, while
also allowing an expectant mother to

more fully participate in the birth of her
child, is compelling reason to offer the
therapy. 
What to do with this article: Keep a
copy on your computer. ❖
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Exercise and Arthritis 

YOU MAY THINK THAT EXERCISE AND ARTHRITIS DO NOT GO HAND IN HAND. IF SO, YOU

would be mistaken. It was thought for many years that if you had arthritis you should
not exercise because it would damage your joints. Now, however, research has shown that
exercise is an essential tool in managing arthritis. 

Regular, moderate exercise offers a whole host of benefits to people with arthritis. Mainly,
exercise reduces joint pain and stiffness, builds strong muscle around the joints, and increas-
es flexibility and endurance. But it also helps promote overall health and fitness by giving
you more energy, helping you sleep better, controlling your weight, decreasing depression,
and giving you more self-esteem. Furthermore, exercise can help stave off other health prob-
lems such as osteoporosis and heart disease. 

Choosing an exercise program
Starting an exercise program can seem like a daunting proposition. The important thing to

remember is to start slow and make it fun. It is always good to start with flexibility exercises,
which are basically stretching exercises that will improve your range of motion and help you
perform daily activities. Once you feel comfortable you can move on to weight training and
endurance exercises such as bicycling. 

An exercise program can include anything from walking around the block, taking a yoga
class, or playing a round of golf. You may be reluctant to exercise because you are in such
pain. If this is the case you may want to start with a water exercise program. In the water your
body’s buoyancy reduces stress on your hips, knees, and spine.  

Whatever exercise program you decide on you should always consult with your doctor
before starting out. Two other types of health professionals can help you develop an exercise
program that fits your specific needs: physical and occupational therapists. A physical thera-
pist can show you the proper techniques and precautions when performing certain types of
exercise. An occupational therapist can show you how to perform daily activities without
putting additional stress on your joints and can provide you with splints or assistive devices
that can make working out more comfortable. 
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Benefits of water exercise
• The soothing warmth and buoyancy of warm water make it a safe, ideal environment

for relieving arthritis pain and stiffness. 
• Immersing in warm water raises your body temperature, causing your blood vessels to

dilate and increasing circulation. 
• Water exercise is a gentle way to exercise joints and muscles. 
• Water supports joints to encourage free movement, and may also act as resistance to

help build muscle strength. 
• Using a spa adds a component to the therapy—massage. Jet nozzles release warm

water and air, massaging your body and helping you relax tight muscles. 



Water Exercise Programs
The Arthritis Foundation Aquatics Program (AFAP)

is a water exercise program designed for people with
arthritis and related conditions. Classes are usually con-
ducted 2-3 times per week at local indoor pools for 45-
60 minutes. Joining a water exercise class gives you the
opportunity to exercise in warm water, with guidance
from a trained instructor. For more information about
AFAP and other arthritis exercise programs, contact
your local office of the Arthritis Foundation.

If you don’t feel comfortable going to a class, have
the class come to you. Get your personal copy of one of
the Arthritis Foundation’s water exercise videos:
• Pool Exercise Program (PEP) 
• Fibromyalgia Interval Training (Let’s Get FIT) 

Walking and Arthritis
Walking is good for anyone, especially people with

arthritis. It’s an endurance exercise, which means it
strengthens your heart, helps your lungs work more effi-
ciently, and gives you more stamina so you don’t tire as
easily. As a weight-bearing exercise (one that puts full
weight on your bones), walking helps strengthen bones,
reducing the risk of osteoporosis (thinning of the bones).
This is especially important if you’re taking glucocorti-
coids for your arthritis, which can weaken bones.

Walking strengthens your muscles and helps maintain
joint flexibility. For people with arthritis, muscle and
joint benefits are important because joints become more
stiff and muscles weaken with inactivity. As walking
strengthens the muscles and tissues surrounding the
joints, it helps to protect those joints and keep them
ready for daily activities.

In addition to all the physical benefits, walking also
brings with it a host of psychological perks. Regular
exercise helps you sleep better, controls your weight,
and lifts your spirits. It can play an important part in
combating the depression, fatigue, and stress that
accompany your arthritis.

Warm Up Right
Jumping right into a workout with cold muscles can

cause pain in joints and muscles. Movement literally
warms up the muscles and reduces the risk of injury. 

Stretching warm ups work well before most any exer-
cise, such as weight lifting, or even as an extra warm up
before you start to walk or swim. If you are about to
walk or swim, then walk or swim to warm up but take it
slowly.  

Walking is a good way to elevate your temperature
and increase your blood flow. It can also get you ener-
gized for more strenuous exercise. If weather permits,
walk to the end of your driveway, parking lot, or street
and back.
• Walk around your house one or more times. 
• Take your dog for a walk. 
• Walk or march in place for 30-60 seconds during a

television commercial. 

How to Choose a Personal Trainer
Choosing the right personal trainer for your needs can

make or break your fitness program. Not only will the
trainer help you reach your goals by designing a safe
and effective workout program, this person will serve as
your personal cheerleader and educator. 

Ask your doctors and physical therapists for their rec-
ommendations, and check your local phone directory for
centers with trainers knowledgeable about arthritis.

Ask each candidate on your short-list these questions:
• Are you certified by a nationally recognized organi-

zation, such as the International Sport Sciences Asso-
ciation, American Council on Exercise, American
College of Sports Medicine or the National Strength
and Conditioning Association?  

• Do you have a background that includes exercise
physiology, sports medicine, health and wellness,
physical education, or anatomy and physiology? 

• What training or experience do you have in working
with people with arthritis? 

• Can you provide references from clients with 
arthritis?

• Do you network with other health professionals?  
• What do you charge and what services are included?  

When you’ve narrowed the field, sign up for a free
sample session to evaluate the following:
• How clearly the trainer communicates instructions; 
• How responsive he or she is to what you say and do;  
• How motivated the trainer makes you feel; 
• How your body feels after the session.

©2003. Reprinted with permission of the Arthritis Foun-
dation, 1330 W. Peachtree St., Suite 100, Atlanta, GA
30309. “Warm Up Right” and “How to Choose a Per-
sonal Trainer” originally appeared in Arthritis Today,
authored by Michelle Taylor and Suzette Hill, respec-
tively. To get your free copies of Arthritis Foundation
brochures or to order Arthritis Today, call (800) 283-
7800 or visit www.arthritis.org. 
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