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Purpose: This study was an effort to identify the botanical preparations
of potential risk to the aviator and aviation safety, and to ascertain
whether aviators are using dietary supplements despite extensive edu-
cational efforts discouraging over-the-counter medication use. Herbal
preparations may be used by nearly 20% of the adult population.
Although the aviator population may be presumed to use them as well,
the actual degree of use among aviators is unknown. Use of such
substances as health promotion or therapeutic agents may provide
health benefits, but may also carry risk. Military and civilian aviators are
not currently required to disclose such use, nor are examiners obligated
to inquire or counsel aviators about them. This paper examines the
trends in post-mortem toxicological samples suggesting botanical prep-
aration use, and develops a rational method for determining suitability
for use by the aviator. Method: The toxicological test results from 3177
mishap pilots performed at the Civil Aeromedical Institute from 1989~
1997 were examined for the presence of substances suggesting botani-
cal preparation use. The prevalence of positive test results for ephedrine
among mishap pilots was compared with the prevalence of tests positive
for chemically and biologically similar non-botanical substances among
mishap pilots. A review of existing literature was also performed to
identify substances posing possible risk to the aviator health or aviation
safety. Results: Ephedrine was found to be the only substance routinely
screened on toxicological specimens that was suitable for association
with botanical substance utilization. The percent of specimens positive
for ephedrine increased three- to four-fold while the percent of speci-
mens positive for similar non-botanical substances decreased overall.
The literature revealed sufficient evidence that a number of open market
botanical agents are capable of causing incapacitation by cardiovascu-
lar or neuropsychiatric mechanisms, yet are legally permitted for use by
aviators. Conclusion: Aviators are using botanical products with increas-
ing frequency, and many of those substances may pose significant risk of
incapacitation, altered sensorium, or adverse health effects. The flight
surgeon must be diligent in eliciting a history of use and assisting
aviators to minimize personal risk and risks to flight safety. A rational
approach to assessing risk is presented.
Keywords: alternative medicine, herb, pharmacognosy, botanical, di-
etary supplement, pilot, aviation.

Life is short; art is long; opportunity fugitive; experience delusive;
judgment difficult. It is the duty of the physician not only to do that
which immediately belongs to him, but likewise to secure the co-
operation of the sick, of those who are in attendance, and of all the
external agents.

Hippocrates (24)

Y THEIR DISTINCTION of being unconventional
and rooted in folklore, alternative medical tech-
niques and therapies are often poorly understood, or
blithely ignored by conventionally trained physicians.
Yet, some therapies may be of use to the mildly injured
or ill aviator. These therapies may provide preventive
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medicine benefits in the maintenance of health, and are
also used to maintain or improve performance. Con-
versely, some therapies may pose significant risks to
aviator health and flight safety. Botanical substances are
often misperceived as being free from risk or adverse
effects as a result of being “natural” substances. They
are often not thought of as drugs or medications. The
skillful flight surgeon or aeromedical examiner must be
aware of these “new” treatment options to properly
advise the aviator on the proper use or non-use of
unconventional therapies, including those of herbal or-
igin. This article does not attempt to address all alter-
native therapies but concentrates on oral supplements
and treatments of botanical origin.

The large-scale marketing and use of non-regulated,
non-standardized, but pharmacologically active food
products pose unique challenges to the traditionally
trained physician. Although physicians may recognize
the names of some botanicals (e.g., Digitalis purpurea),
many are unfamiliar with the vast array of botanical
and non-botanical substances used in today’s non-reg-
ulated pharmacopoeia. Physicians may not recognize
that plants are the source of a wide range of such potent
medications as ephedrine, derived from ma huan, pilo-
carpine from jaborandi, vincristine from the Madagas-
car periwinkle, reserpine from snakeroot, and more
recently taxol from the bark of the Pacific yew. Conse-
quently, the patient’s use of non-prescription agents
may be overlooked, or not inquired about during pa-
tient visits for clinical concerns or aviation examina-
tions. Some of these agents may cause adverse reactions
or interactions with prescribed medications, but the
patient is unlikely to understand these possibilities
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fully, as there is no method of standardized labeling,
and a description of actions and interactions on the
product label is rare. Fewer than half of those using
alternative medical therapies consult either a physician
or a practitioner in alternative medicine (16).

The public is inundated on a daily basis with adver-
tisements for improved health, mentation, vision, and a
host of other claims. Nutrition centers and health prod-
uct outlets have become commonplace in shopping cen-
ters, department stores, and through mail-order outlets.
Recently, U.S. military bases have included such centers
in the base exchanges, and advertising for non-regu-
lated agents has become commonplace among military,
veterans, and aviation magazines. Eisenberg et al. (16)
have estimated that as much as 42% of the American
population currently uses alternative therapies, though
the incidence of such use within the aviation commu-
nity is unknown.

Pilots, with their enhanced national and international
mobility, may have greater potential to encounter non-
standard medications and diverse foods. Preparations
unavailable in one country may be available next to
more familiar products in another. Unfortunately, some
popular over-the-counter products have caused or con-
tributed to the sudden incapacitation of their users,
either alone or in combination with other pharmaceu-
tical products (1,11,12). Clearly, these products would
be unsuitable for use in the aerospace environment.
Other products may be sentinels for underlying medi-
cal disorders for which physician intervention may be
appropriate. None of the products has been studied in
the context of high G, extended duration flight, or high
altitude environments. Further, many, and perhaps
most, of these products have not been tested in a con-
trolled clinical setting, and side effect profiles are reliant
on anecdotal and case reports that may exaggerate or
underestimate the actual incidence of adverse effects.

To date the majority of literature concerning herbal
preparations has been written in German, Chinese or
other non-English language publications. English inter-
pretation is often not available, although the appear-
ance of occasional studies in the mainstream medical
literature has fueled interest in alternate medicines. Fre-
quent reports of newly identified side effects, product
recalls and changing FDA regulations regarding pre-
scription drugs, in the absence of such literature for
herbal preparations may contribute to the perception of
reduced toxicity of “natural” substances. This, how-
ever, is probably a good example of the effects of re-
porting bias. Reports of complications of alternate ther-
apies are rarely seen in the lay press.

METHODS

The literature was reviewed for the aeromedical sig-
nificance of alternative medicines, concentrating on
botanical-derived (“herbal”) agents. The Civil Aero-
medical Institute maintains a database of in-flight inca-
pacitation episodes and conducts toxicological testing
of mishap pilot samples, usually postmortem. This ex-
tensive toxicology database was searched for com-
pounds that might suggest the prevalence of herbal
preparation use among these mishap pilots. Chemically

similar compounds utilizing the same assay technique
were then selected as the comparative substances.
These were tabulated and trend analysis performed.
Then, using summary articles and acknowledging reli-
ance on already translated materials, case reports and
anecdotes spanning the past decade, botanical products
were categorized according to reported side-effects,
mode of action, active constituents, and potential for
aeromedically significant effects. The agents were then
divided into these categories: 1) those reported to be
capable of causing incapacitation or alteration in men-
tation either alone or due to interaction with other
drugs; 2) those known to have other harmful effects;
and 3) those of other medical interest to the aviation
medicine physician.

RESULTS
Historical Considerations

Many modern herbal therapies can trace their origins
to antiquity, though American herbal preparations in
the 1990s have occasionally departed from the carefully
prescribed aliquots of the early alchemists to create
megadose preparations aimed at faddists. Medicinal
use of herbs like garlic and juniper were recorded as far
back as c. 1700 BC in ancient Egypt. From nearly 400 BC
the Greeks, utilizing the Hippocratic theories of humors
and fluids, incorporated Asian and Indian herbs and
methods into their practice. Around 70 AD Pedanius
Dioscorides codified therapeutic remedies in his classic
text De Materia Medica. The Romans adopted many of
the Greek theories of medical practice and embellished
on them. Roman medical practices, though, became
lucrative, regimented, and rooted in invasive treat-
ments. Claudius Galenus opposed this trend and codi-
fied a less invasive method, reliant on the use of in-
gested, inhaled or topical potions, in numerous texts
that survived to influence European medicine through
the Middle Ages.

Following the Dark Ages, European medicine, much
of it derived from its Roman ancestry combined with
the influences of the Asians and Middle East travelers,
became more formalized and regimented. Although the
influences of Paracelsus and William Turner helped
demystify pharmacotherapy, medicine and the apothe-
cary became increasingly distanced. As the apothecary
became more the environ of the alchemist, extensive
use of heavy metals and exotic herbs became more
common, as did equally exotic claims for their effective-
ness (36).

This European tradition of medicine was imported to
the Americas with the early settlers. However, it was to
become uniquely melded with existing Native Ameri-
can medical practices (the use of saunas) and American
herbs (tobacco, boneset). During the Lewis and Clark
expedition, there were many exchanges of medical
treatments between the Corps of Discovery and the
natives. One of the first written accounts of the medi-
cine of native America was reported by Merriweather
Lewis in his observations of the team’s native American
guide Sacagawea’s difficult labor. Observing her treat-
ment with a portion of the rattle of a rattlesnake, Lewis
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wrote, “This remedy may be worthy of future experi-
ments, but I must confess that I want faith as to its
efficacy” (3).

With the immigration of large numbers of Asians and
Indians, the influences of Chinese and Ayurvedic med-
icine were introduced. These blended influences were,
to some extent, exported back to Europe where they
continue to shape the European practice of herbal med-
icine. This combination of herbal influences remained
the American standard of practice until only about a
half century ago with the dawn of the antibiotic age.

Herbs were known to be efficacious and from them
were derived most medicines prior to the mid-twenti-
eth century. As early as 1803, crystalline morphine was
extracted from poppies, aconitine from monkshood,
emetine from ipecacuanha, atropine from nightshade,
and quinine from Peruvian bark. In 1852 salicin was
isolated from willow bark, and in 1899 salicin was
improved by the Bayer Corporation as acetylsalicylic
acid and formulated for treatment of aches and pains,
with less irritation to the stomach than the raw sub-
strate. This was followed by extraction of hundreds of
preparations from their natural origins. In this tradition,
the first antibiotics were extracted, and the antibiotic era
was born. With the rapidly burgeoning pharmacopoeia
of the United States, demand for testing and regulating
drugs brought about the creation of the Food and Drug
Administration (FDA). Public law required standard-
ization of remedies, as well as controlled trials and
demonstrated efficacy. Herbal preparations, unpatent-
able, highly customized in preparation, and poorly
standardized, were excluded from the pharmacists’
shelves and subsequently fell out of standard medical
practice and education (36).

Europe and Asia, however, continued to utilize
herbal medications as an adjunct to traditional medical
therapy. The United States exported thousands of tons
of raw materials to Europe to support this practice.
During the late 1980s however, as American disen-
chantment with mainstream medical practice increased
(proportional to skyrocketing medical costs), Congress
became less reticent about allowing the marketing of
non-regulated pharmaceutical agents. The resultant
passage of the Dietary Supplement Health and Educa-
tion Act of 1994 created a fertile environment for the
rapid proliferation of herbal remedies (all called “di-
etary supplements”). The provisions of the Act permit
marketing of the products with suggested dosages but
do not require pre-market testing for safety or efficacy,
do not require standardization, prohibit direct claims of
effect or efficacy, and do not imply FDA approval or
sanction (17,18). A pharmacist or knowledgeable equiv-
alent may not be available as these products are fre-
quently sold directly by mail order or over the Internet
(40).

Consumer Demographics and Utilization

The utilization of unconventional therapies in the
United States has proven difficult to quantify. Estimates
of patient utilization of alternative medical therapies
have ranged from 42% (16) to 57% (18). The use of
herbal preparations increased by 380% between 1990
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and 1997, and an estimated 1 in 5 individuals taking
prescription medication concomitantly use herbal sub-
stances. Unfortunately, only about half of those patients
taking an herbal preparation and who saw a physician
revealed their use of the preparation (16). Elder et al.
(18) found no significant demographic predictors to
suggest which patients were more likely to discuss their
use of herbal preparations with their physician. Eliason
et al. (19) described the typical consumer of herbal
supplements to be of above average education, insured,
and to have a regular physician. However, they too
found that the physician was seldom consulted regard-
ing the use of herbal preparations. In their 1995 survey,
they reported that the most commonly consumed
health foods were herbal preparations, of which Gingko
biloba, garlic and ginseng were most commonly pur-
chased. These findings are consistent with the German
market experience, which in 1991 saw the consumption
of 4.2 million prescriptions of Gingko biloba (13).

Consumption within the Aviation Community

The prevalence of herbal preparation use among avi-
ators is unknown. Although regulations and require-
ments vary by class of aviator in both the military and
civilian sectors, the current approach has been to pro-
hibit the use of most Over-The-Counter (OTC) medica-
tions while on flight status. Even if an OTC medication
is not itself disqualifying, the symptoms or illnesses for
which it is being taken may, themselves, be reasons for
aviation crewmembers to be temporarily grounded or
restricted to non-flying duties. Dietary supplements,
since they do not come under the regulatory purview of
the FDA as drugs, have not been addressed in military
or FAA regulations. Aviators are not required to dis-
close their use of supplements; nor has it been standard
practice for examiners and flight surgeons to inquire
specifically about their use. It is likely, however, that
aviators, like the rest of the population, use dietary
supplements. They may also use diet supplements in
lieu of, or in addition to medications while performing
flying duties. Aircrew members may use alternative
medicines to control distracting symptoms or to en-
hance their performance. Under current regulations
contact with the flight surgeon or civilian aeromedical
examiner (AME) is not required and does not constitute
use of prohibited medication. Thus, although no regu-
lations are violated, the airman should keep in mind
that symptoms for which the non-regulated substances
are being used might be temporary disqualifiers for
flying duties or for the exercising of civilian airmen
certificate privileges. Current regulations require civil-
ian airmen to stop flying, at least temporarily, if their
medical circumstances change since their last medical
certificate exam and to seek the advice of an AME for
other than mild, temporary illnesses. Furthermore, ci-
vilian pilots are to report health care provider visits for
the past 3 yr at the time of the next medical certificate
application. This still leaves in a gray area many poten-
tial applications of alternate therapies for such things as
prevention of illness, weight loss, feeling better, or im-
proving sexual function, where neither the condition
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Fig. 1. Percentage of mishap pilots with detectable tissue or serum levels of selected non-prescription substances.

nor the substance use is reportable for the purposes of
medical certification.

Although not indicative of overall consumption of
herbal preparations, reviews by the Civil Aeromedical
Institute (CAMI) of toxicological results from the pilots
of mishap aircraft suggest that use of herbal prepara-
tions among pilots may be increasing. Of the more than
150 substances routinely screened for using tissue and
fluid samples, only one, ephedrine, is primarily found
as a result of dietary preparation use. Therefore, 3177
toxicology cases spanning the period 1989 through 1997
(9) were reviewed for the presence of ephedrine, chlor-
pheniramine, phenylpropanolamine and many over-
the-counter medications. This method was chosen be-
cause ephedrine, a common ingredient in dietary
supplements is infrequently used medicinally in the
U.S. Its stereoisomer, pseudoephedrine, may also occur
naturally in the Ephedra species plants, making it un-
suitable as a discriminator between pharmaceutical and
herbal use. Chlorpheniramine, on the other hand, is
a widely used over-the-counter preparation, but does
not occur naturally; and Phenylpropanolamine [(*)
Norephedrine] is an isomer of ephedrine but is not a
major product of Ephedra species plants. Each of these
is routinely screened and quantitatively confirmed by
utilizing advanced gas chromatographic mass spectro-
graphic techniques in each autopsy specimen from civil
aviation mishaps in the United States. The detection of
ephedrine in measurable levels may suggest the use of
an ephedrine-containing dietary supplement within
hours of performing aviation duties. The presence of
chlorpheniramine, phenylpropanolamine, and all over-
the-counter substances was characterized as percentage
of all mishap pilots vs. year of occurrence to reflect
overall trends in utilization of over-the-counter drugs
operating an aircraft. Detection techniques for these
substances were not altered during the study period (9).

The results of this investigation are summarized in
Fig. 1. Prior to 1993, ephedrine was rarely detected,
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whereas the other over-the-counter sympathomimetic
substances were consistently detected, albeit infre-
quently (between 2 and 6%). However, since that time,
ephedrine has been detected with increasing frequency
(1% per year) rising linearly to about nearly 4% of
mishap pilots (r* = 0.95), and is now found as fre-
quently as the common over-the-counter preparation
phenylpropanolamine and much more commonly than
chlorpheniramine. This presumably reflects an in-
creased prevalence of its use among pilots, whereas
there has not been a similar increase in use of other
over-the-counter agents. Although there is no routinely
used serological method to detect the use of other di-
etary supplements, these data suggest that an increas-
ing number of pilots may be taking dietary supple-
ments and flying. This seems to be occurring despite
considerable adverse press about the dangers of ephed-
rine and the prohibition of its non-prescribed sale in
some states.

Which Supplements?

The aviator and aeromedical physician must assess
the potential risks inherent in the use of dietary supple-
ments. However, traditional methods of epidemiologi-
cal evaluation and risk stratification have neither been
defined nor applied to the dietary supplements for a
number of reasons. Probably the most significant deter-
rent to study has been the almost infinite number of
combinations and preparations. Botanical derived elix-
irs and preparations have traditionally been individu-
ally crafted, and associations of adverse reactions with
a particular component of a compound have been dif-
ficult to identify. Moreover, the exact ingredients of
each compound, even modern commercially produced
compounds, differ from batch to batch, may vary in
potency, and may lack labeling to assist the consumer
or physician in identifying causative ingredients. Fur-
thermore, modern dietary supplements, in addition to
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TABLE I. HERBAL SUBSTANCES WITH POTENTIAL
HALLUCINOGENIC ACTIONS.

Hallucinogens

Reported Cases or Documented Effect
Psilocybe semilanceata (“Magic mushrooms”)
Exchscholzia californiica (California poppy)
Piper methysticum (Kava-kava)
Mandragora officinarum (Mandrake)
Myristica fragrans (Nutmeg)
Cantharanthus roseum (Periwinkle)

Datura stramonium (Thorn apple)
Corynanthe yohimbe (Yohimbe bark)

When Smoked
Humulus lupulus (Hops)

Cinnamomum camphora (Cinnamon)
Hydrangea paniculata (Hydrangea)
Lobelia inflata (Lobelia)

botanical products, include a wide variety of amino
acids and glandular extracts that have almost no liter-
ature associated with them. Efforts are underway in the
U.S. and Europe to classify and identify organic herbal
type preparations and to study the pharmacoepidemi-
ology of these preparations (13). However, as herbal
preparations are typically not patentable, there is little
incentive for manufacturers to spend the millions of
dollars required to conduct clinical trials, and the trials
that have been conducted have frequently been of ques-
tionable value. Consequently, the true incidence of ad-
verse effects is not known. These factors, then, make it
impossible to quantify risks of a given ingredient. This
is particularly vexing for the aeromedical physician,
who must make a determination of acceptability for use
in the aviation environment. Of the over 800 prepara-
tions commonly marketed in the U.S. as dietary supple-
ments or ingredients in such supplements, one group of
researchers found fewer than 50 had clinically signifi-
cant adverse effects reported in MEDLINE listed liter-
ature (18). Moreover, even “normal” actions of a botan-
ical substance may have significance in the aeromedical
arena. Therefore, decisions regarding the acceptability
for use in the aviation environment, for now, must be
made based on case reports and probable mechanisms
of action.

Preparations Capable of Causing Incapacitation
or Altered Mentation

A number of herbal preparations, not all available as
dietary supplements, are known to have neurological
effects sufficient to cause altered mentation or incapac-
itation. Others are capable of causing sudden cardio-
vascular collapse or aggravating existing cardiovascu-
lar disease in a manner causing sudden incapacitation.
Clearly, these agents are of significant concern to the
aviation medical examiner.

Hallucinogens (Table I): Many naturally occurring
herbs and plants have the potential to cause varying
degrees of euphoria or hallucinations. The majority of
these are not utilized in common herbal preparations,
but small amounts may be present in preparations de-
signed to enhance energy. More commonly, however,
they are utilized as a “legal” alternative to more expen-
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sive street drugs. Probably the most notorious natural
hallucinogen is Psilocybe semilanceata or “magic mush-
rooms.” Many other herbs are also capable of causing
hallucinations when used in high doses or if smoked.
The smoking of these herbs may be for medicinal pur-
poses, such as the use of jimson weed (Datura stramo-
nium) in the treatment of asthma. The smoke of Datura
contains potent anticholinergic agents that may relieve
symptoms of bronchospasm, but hallucinations may
also occur with such use. Other herbs capable of caus-
ing hallucinations include Exchscholzia californiica (Cal-
ifornia poppy), Piper methysticum (kava-kava), Man-
dragora  officinarum (mandrake), Myristica fragrans
(nutmeg—may cause seizures in extremely high doses),
Cantharanthus roseum (periwinkle), Corynanthe yohimbe
(yohimbe bark), and when smoked Humulus lupulus
(hops), Cinnamomum camphora (cinnamon), Hydrangea
paniculata (hydrangea) and Lobelia inflata (lobelia)
(12,20,36).

Sedatives (Table II): Throughout history, a major use
of herbs has been as “relaxing nervines,” sedatives, or
tranquilizers. A number of herbal preparations may be
recognized as the progenitors of medicinal sedatives,
although others have weak or unpredictable sedative
actions. With all, however, the interaction between the
sedative herbal preparation and other sedating over-
the-counter or prescription medications must be con-
sidered. One such sedative herb is Valeriana officinalis
(valerian). The use of this preparation as a sedative
dates at least back to early Greek physicians (36), and it
is still a commonly utilized ingredient in antidepres-
sant, stimulant, energy enhancing, and vitamin prepa-
rations. The isolated compounds from the herb include
isovalerianic acid, borneol, valepotriates, alkaloids, and
iridoids. The herb is recognized as effective in the treat-
ment of anxiety and insomnia, according to the German
E-commission, and the FDA considers it an anti-insom-
niac. Interaction with antihistamines and alcohol seems
likely, although no such labeling is required on the

TABLE 1. PREPARATIONS REPUTED TO
HAVE SEDATIVE EFFECTS.

Sedatives

Reported Cases or Documented Effect
Valeriana officinalis (Valerian)
Ravwolfia serpentina (Indian snakeroot)
Atropa belladonna (Deadly nightshade)*
Reputed to Have Sedative Effects
Chelidonium majus (Celandine)
Humulus lupulus (Hops)
Conum maculatum (Hemlock)
Lycopodium serratum (Jin Bu Huan)
Papaver somniferum (Opium poppy)
Passiflora incarnata (Passion flower)
Scutellaria laterfoloia (Skullcap)
Lactuca virosa (Wild lettuce)
Aconitum napellus (Wolfsbane)
Hyoscyamus niger (Henbane)*
Datura stramonium (Jimson weed)*
Scopolia carniolica (Scopolia)*
Other Herbs Warranting Concern if Used in High Doses
Salvia officinalis (Sage)
Tryptophan free amino acid preparations

* Anticholinergic actions.
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product (2,12,21,43). Other sedative herbs that may be
potentiated by interaction with antihistamines or alco-
hol include: Chelidonium majus (celandine) (12), Humu-
lus lupulus (hops) (43), Conum maculatum (hemlock) (12),
Lycopodium serratum (jin bu huan), (25,41), Papaver som-
niferum (opium poppy) (12), Passiflora incarnata (passion
flower) (12,43), Rauwolfia serpentina (indian snakeroot),
which can also cause profound depression (2,12), Scute-
laria laterfoloia (skullcap) (43), Lactuca virosa (wild let-
tuce) (12), and Aconitum napellus (wolfsbane) (12). Other
sedative drugs derive their action from anticholinergic
properties. Most well-known among these is Atropa
belladonna (deadly nightshade) from which medicinally
used belladonna alkaloids derive their names. Other
anticholinergic sedatives include Hyoscyamus niger
(henbane) (12), Datura stramonium (jimson weed) (12),
Scopolia carniolica (scopolia) (12). Of further concern in
this family is the occasional adulteration of herbal prep-
arations with pharmaceutical agents. One preparation
of “Chinese black balls” utilized for a number of ail-
ments was found to’contain significant levels of diaze-
pam as an adulterant (22).

Other preparations of neuropsychiatric significance: Salvia
officinalis (sage) is a common herb found wild and cul-
tivated in warmer climates of Europe, the Middle East,
and the U.S. Although most commonly used as a harm-
less spice when cooked in foods, this common herb has
been utilized as an astringent, antihydriotic, antispas-
modic, peripheral dilator, and a cure for epilepsy, in-
somnia, sea sickness, and even venereal diseases. The
tannins it contains are recognized as possessing anti-
septic and local anti-inflammatory properties by the
German E-commission (21). However, even small doses
of the extract taken internally have been reported to
cause mental and physical deterioration, and larger
doses can cause seizures and loss of consciousness
(36,43).

Tryptophan free amino acid preparations: Although not
an herbal substance, the amino acid tryptophan is com-
monly associated with herbal substances. Ingestion of
high doses of amino acids, as commonly sold in health
food stores is a common practice. However, after the
cessation of manufacture of L-tryptophan following
multiple cases of eosinophilia-myalgia syndrome, sev-
eral high dose amino acid supplements have been mar-
keted without tryptophan. Researchers found that the
use of these preparations in doses of 50 g or more
causes rapid depletion of internal stores of tryptophan
and precipitated profound depression in individuals
previously treated successfully for depression (5,35,42).

Herbal Preparations Capable of Causing Incapacitation
Due to Cardiovascular Effects

Many herbal preparations have significant cardiovas-
cular effects that may be of concern to the aerospace
medicine physician (Table III). These herbs often con-
tain substances that are identical or similar to medica-
tions utilized in the treatment of cardiac ailments, and
interactions with those medications are possible in pa-
tients who are using similar prescription drugs.

Cardiac glycosides: Among the oldest refined medica-
tions in the pharmacopoeia is digitalis, named for and

TABLE III. HERBAL PREPARATIONS CAPABLE OF CAUSING
INCAPACITATION DUE TO CARDIOVASCULAR EFFECTS.

Reported Cases or Known Effect

Cardiac Glycosides
Digitalis purpura (Purple foxglove)
Urginea maritima (Squill)
Cystisus scoparius (Broom)
Convallaria majalis (Lily of the valley)
Adonis vernalis (Pheasant’s eye)
Strophanthus kombe (Strophanthus)
Scilla maritima (White squill)
Digitalis lanata (Yellow foxglove)
Vasoactive substances
Ephedra spp
Rauwolfia serpentina (Indian snakeroot)

derived from Digitalis purpura, the purple foxglove. Al-
though most aeromedical physicians will recognize use
of the digitalis plant medicinally as a potential problem
in the aerospace arena, some may not recognize the vast
assortment of other glycoside containing plants. These
plants elaborate cardioactive glycosides that potentiate
the effects of digitalis if used concomitantly, and some
contain glycosides in sufficient doses to cause cardiac
dysrhythmias if utilized in concentrated forms. Urginea
maritima (squill) is one such herb. Utilized for the treat-
ment of arthritis and as a cardiac “tonic,” this herb
elaborates cardiac glycosides that are detectable by
digoxin assays, and they are cardioactive. The herb, in
addition to causing fatal cardiac dysrhythmias, has
been reported to cause stomach, kidney, and CNS dam-
age (2). The effects of this dietary supplement may be
potentiated by hypokalemia, just as digitalis action
would be. Other herbs known to elaborate cardiac gly-
cosides include: Eleutherococcus senticosus (Siberian gin-
seng) (31), Cystisus scoparius (broom) (12), Convallaria
majalis (lily of the valley) (2,12), Adonis vernalis (pheas-
ant’s eye) (2,12), Strophanthus kombe (strophanthus) (12),
Scilla maritima (white squill) (12), and Digitalis lanata
(yellow foxglove) (12). Kyushin, which contains the
dried venom of Chinese toads, includes substances that
cross-react with digitalis antibodies, giving the false
impression of elevated digitalis levels (12)

Vasoactive substances: Among the most widely publi-
cized adverse effects of dietary supplement have been
those of ephedrine, derived naturally from Ephedra spe-
cies plants and synthesized artificially as a stimulant
additive. This substance has been widely utilized for
centuries as a strength enhancer, antiasthmatic agent,
and circulatory stimulant. In addition to these uses,
however, it has recently been added in high doses to
mood enhancing preparations, diet preparations, and
“power” supplements aimed at improving strength and
endurance. In fact, ephedrine, closely related to epi-
nephrine and other sympathetic amines is a reasonably
potent vasoconstrictor, inotrope and chronotrope. It has
bronchodilating effects that make it useful in asthma,
but it has not enjoyed widespread pharmaceutical use
due to its unacceptable side effects. Since the popularity
of dietary supplements has exploded, the marketing of
ephedrine, often in very high doses, has markedly in-
creased. The supplements are often prepared with a
mix of ephedra with caffeine or kola nut, which is very
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high in caffeine to enhance the stimulant effect. State
health departments and the Centers for Disease Control
have received reports of hundreds of adverse events
including erythroderma (10), marked hypertension, car-
diac dysrhythmias and palpitations, nervousness, overt
psychosis, stroke, seizures, and cardiac arrests
(2,4,6,14,27,33,34,43). As a result of these reported ad-
verse effects among both food supplement users and
illicit users of the substance as an amphetamine analog,
some states have banned the over-the-counter sale and
distribution of ephedrine containing substances. They
remain, however, widely available by mail order.

Ravwolfia serpentina (Indian snakeroot) on the other
hand, elaborates a potent hypotensive agent. One of the
earliest extracted hypotensive agents was derived from
the snakeroot, but side effects such as profound depres-
sion and gynecomastia limited its utility. Hypertensive
persons who are taking prescription antihypertensives
must be aware of the potential interaction between their
medications and nutritional supplements containing
Rauwolfia alkaloids (2,12).

Other Herbal Preparations of Interest to the
Aerospace Physician

Gingko biloba: Gingko biloba extract, derived from
leaves of the prehistoric tree of the same name, has
recently enjoyed tremendous popularity for the treat-
ment of circulatory disorders and improved mentation.
The German E-commission reports, several clinical tri-
als, and a multivariate analysis have found gingko to be
a probable free-radical scavenger, platelet inhibitor, and
mild cerebral and peripheral vasodilator that was asso-
ciated with temporarily improved social and cognitive
function of some demented patients (2,29,32,43), al-
though one case report suggests that bilateral subdural
hematomas may have been precipitated or aggravated
by use of the supplement (37). The vasodilatory effects
have made Gingko a possible non-pharmacological al-
ternative for mild claudication (43). The effects of
gingko biloba extract on G: tolerance, or complications
as a result of Gz exposure while taking the substance are
unknown. Although gingko seems to improve cerebral
blood flow, its purported peripheral vasodilatation and
unknown effects on splanchnic vessels could theoreti-
cally affect G: tolerance.

St. John's wort: Hypericum perforatum (St. John’s wort)
has become one of the most prescribed pharmaceuticals
in Europe, and is rapidly gaining popularity in the U.S.
The substance, long used as an antidepressant, anti-
inflammatory, antidiarrheal, astringent, and gout treat-
ment (43), has been studied in European and English
language literature. Utilizing multiple regression anal-
ysis, Linde et al. (30) concluded that St. John’s wort was
“more effective than placebo for the treatment of mild
to moderately severe depressive disorders.” Other uses
for the herb include external application to mild burns
and abrasions (30,36,39,43). Side effects of the supple-
ment have been minimal, with the most commonly
reported being photosensitization, following very high
doses. The major concern for the aviation medical spe-
cialist is the reason for its use. As a “natural” alternative
to antidepressant medications such as Prozac, Hyperi-

Aviation, Space, and Environmental Medicine » Vol. 71, No. 1 « January 2000

TABLE 1IV. INGREDIENTS OF GENERAL MEDICAL CONCERN.

Ingredients of General Medical Concern

Hepatotoxins
Senecio spp (Thread leafed groundsel and Life root)
Larria tridentata (Chaparral)
Symphytum officinale (Comfrey)
Teucrium spp. (Germander)

cum offers an attractive substitute and one, which under
current military and civilian aviation regulations need
not be reported. A risk, however, is that patients may be
tempted to use this preparation en lieu of previously
prescribed antidepressant medications. The physician
should, therefore, recognize the use of Hypericum as a
signal to inquire more deeply into the patient’s psycho-
medical history.

The mandrake mistake: Mandragora officinalis (European
mandrake) is a parasympathomimetic hallucinogen. It
shares its name, however, with Podophyllum peltatum
(also called (American) mandrake or mayapple) which
is the source of podophyllin used topically for the treat-
ment of condylomata acuminata. Unwary supplement
users have mistakenly ingested large quantities of Po-
dophyllum mistaking it for Mandragora officinalis (26).
Furthermore, Podophyllum has been identified as an un-
labeled adulterant in other herbal preparations (7). Po-
dophyllum, when ingested, is a highly potent irritant
cathartic capable of causing sudden severe nausea and
diarrhea resulting in profound electrolyte disturbances
and occasionally encephalopathy (7,2). The unwitting
use of such a preparation would be poorly advised in
the aviation environment, yet preparations containing
the herb may contain no warning as to its potential
adverse effects.

Ingredients of General Medical Concern (Table IV)

Hepatotoxins—the toxic pyrrolizidines: Although not
sudden incapacitants, herbs capable of causing fulmi-
nant and often fatal hepatic damage should clearly not
be used by anyone. Regrettably, several of these herbs
continue to be listed ingredients or adulterants in a
large number of dietary supplements. These toxins
cause a veno-occlusive phenomenon within the liver
that ultimately leads to cirrhosis and potential liver
failure. Serious cases have been reported following the
use of preparations containing Senecio spp. (thread
leafed groundsel and life root) (26,43), Larria tridentata
(chaparral) (2,23,38), Symphytum officinale (comfrey)
(2,26,43), Lycopodium spp. (found in jin bu huan) (25),
and Teucrium spp. (germander) (12,26,28), among oth-
ers. Several instances of hepatic damage have been
associated with other herbs, such as Scullitaria, which
does not contain pyrrolizidine alkaloids, but have been
refuted after careful examination of the preparations
revealed the presence of these alkaloids suggesting
adulteration with other herbs such as Teucrium spp. (43).

DISCUSSION
The Physician’s Responsibility

The physician may discover an ethical quandary
when dealing with the patient who is using herbal
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preparations in conjunction with or en lieu of conven-
tional therapy. Conventional wisdom certainly suggests
that the physician should inquire about the use of un-
conventional therapies, and should consider their risks
and potential benefits when formulating a treatment
plan for the patient. However, as most non-traditional
medications have neither been shown to be effective or
nor safe, the physician must consider whether advising
or permitting the use of the medications constitutes
endorsement of unproved therapies. Should a major
adverse event occur due to the herbal preparation used
with the physician’s approval, would the physician be
liable or partially liable for the event? Conversely, not
inquiring carefully about the use of herbal preparations
could lead to unexpected interaction between herbal
preparations and prescribed medications. Were the
physician to not inquire about drug allergies or other
medications currently being used prior to prescribing a
pharmaceutical, he or she would likely not meet ac-
cepted standards of care. The same logic could be sim-
ilarly applied to the patient who is using herbal dietary
supplements. These ethical issues are further compli-
cated by inconsistently applied labeling standards for
the products and reported inconsistencies in formula-
tion even within the same preparation.

In the final analysis, however, the patient’s best in-
terest must prevail and the physician should engage in
a partnership with patients who account for their use of
unconventional therapies. Only by engaging in such a
dialogue can the physician prevent untoward outcomes
that result from side-effects of the supplement or inter-
action of the supplement and prescribed medications.
However, the physician must be careful not to simply
proscribe all therapies not specifically issued by him or
herself. As half of patients already fail to reveal their
use of alternative therapies to their physician for fear of
ridicule or simple belief that the traditional physician
lacks the expertise to reliably advise them about it (19),
a general proscription of all unconventional therapies
would likely result in undisclosed use of the therapies,
potentially to the patients” harm.

The Aerospace Medicine Physician and the Aviator

The military flight surgeon has a unique responsibil-
ity that transcends traditional medical therapeutics. He
or she also has the responsibility to treat and prevent
illness and incapacitation, to assess the risk of either
when determining suitability for flying duties, and to
maintain the effectiveness of aviation crewmembers to
carry out their mission in stressful and hostile circum-
stances. The civilian AME has the responsibility to
properly represent the Federal Air Surgeon in the ap-
plication of the regulatory standards and guidelines for
the medical certification assessment of pilots. For both
groups of physicians, their responsibilities extend be-
yond the simple assessment of a single affected system,
illness, or injury and encompass the whole person and
his or her environment. In this manner, then, the aero-
space medicine physician has an obligation to inquire
about and understand the effects of all pharmacologi-
cally active substances the patient may be taking.

Unfortunately, due to lack of clinical information,

quantified methods of aeromedical risk assessment can-
not currently be used to determine if an herbal prepa-
ration is safe to consume during aviation duties, which
leaves the aeromedical physician in a quandary once
the patient has revealed the use of such preparations. In
the absence of such quantifiable risk data, the physician
must utilize some other artful algorithm to guide his
decision-making processes. These questions should be
considered:

1. Is the use of the preparation due to signs or symp-
toms that suggest an underlying medical problem
separate from the preparation in question?

2. Is any component known to have potential impair-
ing, incapacitating or neuropsychiatric effects (in-
cluding sudden unpredictable side effects)?

3. Does the preparation seem likely to contain unla-
beled or incorrectly labeled ingredients?

4. Is the preparation being used in a dose range far
outside that of current experience or in an ex-
tremely concentrated form?

5. Is any component of the preparation known to
cause physical harm (even infrequently, unless the
quantified incidence of adverse effects is known)?

6. Is the preparation an alcohol based tincture, tonic
or elixir?

If the answers to all of these questions are negative,
the aeromedical physician is unlikely to be able to jus-
tify an absolute prohibition of their use as legal dietary
supplements. However, if the answer to any of the
above questions is affirmative, a potential risk exists
that should be managed by correcting or properly treat-
ing the underlying illness, urging the patient to discon-
tinue use of the preparation and prohibiting aviation
duties while harmful or incapacitating substances are
used, and by prohibiting the use of alcohol based elixirs
while performing aviation duties. Adverse aeromedical
experiences with dietary supplements should be dis-
seminated promptly.

Limitations of this Review

The reader must be reminded that the true incidence
of adverse effects, either as a predicted action or an
undesirable side-effect, is not known, and until costly
clinical trials are conducted, are likely to remain so.
Moreover, the entire body of literature researched and
tabulated does not cover all of the thousands of sub-
stances potentially utilized in the non-regulated phar-
macopeia. This study did not try to answer whether
particular mishaps were caused by the use of these
substances or the illnesses they may have been treating.
Accident analysis is a complex multifactorial process,
often with multiple active and latent root causes. In a
future study, the NTSB accident coding will be used to
look at approved and unapproved medication-related
mishaps and mishaps with illnesses or impairment root
causes. In the meantime, however, investigators should
remain alert to substances listed in our table (Table V)
that can cause pilot incapacitation. The use of postmor-
tem toxicological testing, as a method to infer patterns
of utilization among the rest of the flying population, is
problematic and may only be considered circumstantial
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evidence to support an increase in utilization patterns.
This study does, however, suggest the need for contin-
ued research into the aeromedical implications of the
use of non-regulated pharmacologically active sub-
stances.

SUMMARY

Alternative medications may offer the advantages of
self-medication, reduced cost, easy availability, and in
some cases, less toxicity and side effects. Their disad-
vantages, though, include poor standardization, no
clinical trials, unknown or unpredictable side effect pro-
files, and few, if any, comparisons with existing modal-
ities. Deaths due to herbal preparations have occurred,
particularly with the ephedra group. The aeromedical
physician must, then, proactively seek information re-
garding the patient’s use of herbal preparations, despite
a current lack of official guidance on the subject from
regulating authorities. This inquiry carries with it the
tacit understanding that the intent is to guide and in-
form patients regarding the use or non-use of poten-
tially harmful substances, and to minimize the risk of
in-flight incapacitation. Unlike some other purified and
concentrated pharmaceutical agents, however, there is
little evidence to suggest that the vast majority of these
agents have an immediate harmful potential. There is,
therefore, no justification for a blanket prohibition on
the consumption of substances that are, in essence,
foods, except for those preparations the use of which
results in an affirmative answer to the guideline ques-
tions above. This approach certainly requires the phy-
sician to deal with each case on an individual basis;
however, this approach with existing medications and
medical conditions is also what sets the aerospace med-
icine practitioner apart from the common “cookbook”
approaches arising in the broader practice of medicine
in this country. More definitive science-based guidance
is not likely to be readily available in the absence of
large clinical trials that are, likewise, unlikely to be
conducted. This summary outlines a rationale to serve
the aeromedical physician’s endeavor to earn the trust
of their aircrew patients so that in the area of alternative
treatments, as in other personal and sensitive aspects of
their lives they will be willing to discuss their concerns
in an open therapeutic relationship.
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