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The ability of certain foods to impair or augment the absorption of various vitamins and minerals has been recognized for many years. However,
the contribution of botanical dietary supplements (BDSs) to altered micronutrient disposition has received little attention. Almost half of the US
population uses some type of dietary supplement on a regular basis, with vitamin and mineral supplements constituting the majority of these
products. BDS usage has also risen considerably over the last 2 decades, and a number of clinically relevant herb-drug interactions have been
identified during this time. BDSs are formulated as concentrated plant extracts containing a plethora of unique phytochemicals not commonly
found in the normal diet. Many of these uncommon phytochemicals can modulate various xenobiotic enzymes and transporters present in both
the intestine and liver. Therefore, it is likely that the mechanisms underlying many herb-drug interactions can also affect micronutrient absorption,
distribution, metabolism, and excretion. To date, very few prospective studies have attempted to characterize the prevalence and clinical relevance
of herb-micronutrient interactions. Current research indicates that certain BDSs can reduce iron, folate, and ascorbate absorption, and others
contribute to heavy metal intoxication. Researchers in the field of nutrition may not appreciate many of the idiosyncrasies of BDSs regarding
product quality and dosage form performance. Failure to account for these eccentricities can adversely affect the outcome and interpretation of
any prospective herb-micronutrient interaction study. This review highlights several clinically relevant herb-micronutrient interactions and describes
several common pitfalls that often beset clinical research with BDSs. Adv Nutr 2018;9:5245-532S.
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Introduction molecules, can interact through pharmacodynamic and/or

Plants are nature’s quintessential organic chemists, thus it is
not surprising that certain plant-derived chemicals (phyto-
chemicals), when ingested concomitantly with synthetic drug
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pharmacokinetic mechanisms. Drug interactions involving
phytochemicals present in various foods and botanical
dietary supplements have received significant attention over
the last three decades. During that period, a variety of
molecular mechanisms have been identified for most food-
drug and herb-drug interactions. For a review of these
underlying mechanisms, as well as their clinical relevance,
see Gurley et al. (1). Even though it is now evident that
phytochemicals present in botanical dietary supplements
(BDSs) can interact with prescription medications, their
effect on micronutrient efficacy/toxicity is less clear. Concur-
rent ingestion of BDSs with vitamin and/or mineral prepara-
tions is quite common, and in fact many dietary supplement
preparations are formulated with both botanical and nonb-
otanical ingredients. However, the degree to which botanicals
can alter the disposition of vitamins and minerals remains
ambiguous. Although significant in vitro/in vivo disconnects
are frequently noted among herb-drug interaction studies
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TABLE 1 Chronology of dietary supplement usage in the United
States’

US adults taking
Study Time period supplements, %
NHANES Il 1976-1980 34-37
NHANES Il 1988-1994 41
NHANES 1999-2000 1999-2000 52
NHANES 2003-2006 2003-2006 54
NHANES 2011-2012 2011-2012 52

'Data from references 3 and 5.

(2), there are relatively few such comparisons for herbs and
micronutrients. Moreover, although there is a substantial
body of prospective clinical herb-drug interaction studies in
the medical literature, complementary herb-micronutrient
studies are limited. This disparity may stem from the fact that
a clinically relevant herb-drug interaction may quickly result
in significant morbidity, whereas a herb-micronutrient inter-
action may not reach clinical significance for several weeks,
if at all. The purpose of this review is to examine the few
prospective human trials that have assessed the effects of
botanicals on micronutrient disposition and gauge their
clinical relevance.

Literature searches were performed in April 2017 using
the PubMed (2007-2017) and International Pharmaceuti-
cal Abstracts (1970-2017) databases. Concept groups for
micronutrients (e.g., vitamins, minerals, trace metals), spe-
cific botanicals (e.g., ginseng, green tea, milk thistle), and
pharmacodynamics or pharmacokinetics (e.g., absorption,
distribution, metabolism, excretion) were combined in the
search strategies. Two such searches were performed in
PubMed—one limited to humans and English language, the
other limited to clinical trials. No limits were applied to the
International Pharmaceutical Abstracts search. A total of 678
results were retrieved and evaluated. Those most relevant to
this review are discussed herein.

Popularity of Dietary Supplements and the Risk
for Herb-Micronutrient Interactions

The popularity of dietary supplements in the United States
has remained steady since 2000 (Table 1). According to
the most recent NHANES data, 52% of US adults take
dietary supplements (3). Of these supplement users, 36%
take multivitamin and multimineral products and 18% take
BDSs (3, 4). The majority of supplement users take only one
supplement, but many take multiple supplements, with a
small group of ~10% taking >4 supplements concurrently
(3). Considering that there are millions of Americans taking
>1 supplement at one time, there are likely to be at least
hundreds of thousands of Americans mixing botanical
supplements with vitamin and mineral supplements. This
could disproportionately impact vulnerable populations,
such as the elderly (3, 5). Therefore, the area of herb-
micronutrient interactions warrants further study owing to
the potential to adversely affect a large portion of the public.

Botanicals as Sources of Micronutrient Metals
Plants have long been recognized as sources of
micronutrients (e.g., vitamins, minerals). BDSs, however,
are distinct from most conventional fruits and vegetables.
Their phytochemical constituents, especially plant secondary
metabolites, are quite diverse and often unique. In addition,
certain botanicals can take up metals from the soil and
concentrate them within their roots and other plant parts. As
a result, many BDSs have biorelevant amounts of nutritive
minerals, like iron, copper, and zinc. However, plants grown
in polluted soils may also give rise to BDSs contaminated
with heavy metals (e.g., arsenic, cadmium, lead, mercury)
(6, 7). Durum wheat (7) and St. John’s wort (SJW) (8) are
recognized examples of plants that bioaccumulate the heavy
metals cadmium and lead when grown in contaminated
soils. Thus, when processed into dosage forms (e.g.,
tablets, capsules, soft-gel capsules), some BDSs can serve as
clandestine sources of minerals and heavy metals (9-13).
In addition, the metal content can vary considerably among
BDS brands of the same plant species, and even among lot
numbers of the same product (9, 10).

Although many conventional BDSs in the United States
contain safe and acceptable amounts of metals (9, 10), others
appear to be problematic. Some Ayurvedic and traditional
Chinese medicines marketed as BDSs can have undeclared
toxic concentrations of lead, mercury, and arsenic (8, 14),
whereas the heavy metal bioburden is of lesser consequence
from other source countries. In the United States, the risk
of heavy metal contamination in BDSs is minimized if
manufacturers adhere to the current good manufacturing
practices (cGMPs) outlined for the dietary supplement
industry (15). These practices call for specific testing and
allowable limits on heavy metal concentrations.

In a survey of adult BDS users in the United States,
Buettner et al. (16) found that women using Ayurvedic or
traditional Chinese medicine herbs, SJW, Ginkgo biloba,
echinacea, ginseng (American or Asian), and “other herbs,”
including kava, valerian, black cohosh, or nettle, had
circulating blood lead concentrations >20% higher than
those found in nonusers. They concluded that “among
women, including women of reproductive age, specific
herbal supplement use is a significant contributor to
circulating lead.” These results, however, were taken
from adults participating in the NHANES between 1999
and 2004, and may not reflect the current status of BDS
use and blood lead concentrations. In 2007, the US Food
and Drug Administration introduced its guidance for the
dietary supplement industry, outlining the cGMPs, but
full implementation was not realized until 2010. Today, BDS
manufacturers should have methods in place for quantitating
heavy metals in both raw materials and finished products.

Other metals commonly found in BDSs are the result of
excipients, such as magnesium stearate, titanium dioxide, or
calcium carbonate, that are incorporated into the formula-
tion within allowable limits to facilitate the manufacturing
process. In summary, BDSs can be unrecognized sources
of metals, in addition to those obtained from the diet and
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FIGURE 1 Phytic acid (inositol hexakisphosphate) can complex
divalent metal cations in the gut lumen.

conventional vitamin and mineral dietary supplements, and
may contribute to morbidities related to excessive mineral
intake.

Botanicals as Modulators of Micronutrient
Absorption

Metals

In addition to being sources of micronutrient metals, BDSs
can also modulate metal absorption from the gastrointestinal
tract. These natural modulators of metal absorption are
often polyphenolic phytochemicals present in various BDS
formulations. Polyphenolics, a broad category of phyto-
chemicals exhibiting multiple hydroxyl and carbonyl groups
within their structure, are commonly found in BDSs as either
single entities (e.g., phenolic acids, flavonoids, catechins) or
as polymers (e.g., tannins). Inhibitory effects of polypheno-
lics on iron absorption stem from adjacent hydroxyl and/or
carbonyl groups that bind ferric iron to form chelates (17,
18). Such iron chelates are not readily absorbed across the
gastrointestinal mucosa.

Phytic acid, green tea catechins, and milk thistle sily-
marins are among the more widely recognized phytochem-
ical chelators of essential dietary metals commonly found
in BDSs. Phytic acid [inositol hexakisphosphate (IP-6)] is a
cyclic organic acid that not only serves as a major storage
form of phosphorous in plants, but avidly binds metals like
calcium, iron, and zinc (Figure 1). Several clinical trials have
demonstrated that prolonged ingestion of dietary phytates
can lead to both iron and zinc deficiencies (19-21). Purified
IP-6 is also available as a BDS, and is frequently touted as an
antioxidant. However, although endogenously synthesized
IP-6 does exhibit antioxidant properties, exogenously admin-
istered IP-6, in the form of BDSs, has poor oral bioavailability
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(22). Thus, chronic consumption of poorly absorbed phytate-
containing BDS formulations may chelate essential metals in
the gut lumen and promote various mineral deficiencies.

Green tea (Camellia sinensis) catechins are also recognized
for their ability to complex iron and prevent its absorption
(Figure 2). Whereas animal studies provide some evidence of
the iron-chelating properties of green tea (23, 24), few clinical
studies have addressed this issue. In a clinical trial involving
healthy women, green tea-extract supplementation signifi-
cantly decreased nonheme iron absorption, as measured by
whole-body retention and isotope activity of extrinsically
radiolabeled iron (25). Serum iron concentrations were also
significantly reduced in obese subjects supplemented with
green tea extract (26). In a recent clinical study in which
subjects with metabolic syndrome were supplemented for 8
wk with a green tea BDS, plasma iron concentrations were
significantly reduced, whereas copper, zinc, and selenium
were not affected (27). Green tea supplementation also had
no adverse effect on circulating carotenoids or tocopherols.
From these few clinical investigations, the potential impact
of green tea on iron absorption is concerning, as green
tea extract or purified green tea catechins are common
components of multi-ingredient BDS marketed for weight
loss (28).

Milk thistle (Silybum marianum), a source of flavano-
lignans and flavonoids collectively known as silymarin, is
commonly used to treat a variety of liver and gallbladder
disorders. In 2001, silibinin, a principal component of
silymarin, was identified as a natural iron chelator (18)
(Figure 3). Since then, several clinical trials have investigated
silibinin supplementation as a treatment modality for a
variety of iron overload disorders. One of the first described
the effects of a silibinin dose-ranging study (360, 720, and
1080 mg/d) conducted in 37 chronic hepatitis C patients
(29). After 12 wk of silibinin supplementation, significant
reductions in body iron stores were noted, particularly in
patients with advanced stages of fibrosis. A small clinical
study involving 10 patients with hereditary hemochromatosis
demonstrated that ingestion of a silibinin-containing BDS
(140 mg), along with a meal containing a known quantity of
nonheme iron, significantly reduced dietary iron absorption
(30). A larger randomized placebo-controlled study of 119
patients with p-thalassemia evaluated the efficacy of a
420-mg oral dose of silymarin/d combined with subcuta-
neous desferrioxamine to reduce iron overload (31). After
9 mo, serum iron and total iron-binding capacity were
significantly reduced in the silymarin group compared with
the placebo. No adverse effects were linked to silymarin sup-
plementation. In addition, those patients receiving silymarin
exhibited a significant decrease in serum concentrations
of hepcidin and soluble transferrin receptor. The authors
concluded that the therapeutic effects of silymarin on a
background of desferrioxamine indicate that silymarin alone
may be effective in reducing iron body burden (Table 2).

Taken together, the preponderance of clinical evidence
indicates that select polyphenolic phytochemicals can impair
dietary metal absorption, particularly iron. Although the
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FIGURE 2 Representative polyphenolic phytochemicals commonly found in green and black tea.

examples presented here are limited to phytic acid, green
tea catechins, and milk thistle silymarin, the diversity
of the polyphenolic phytochemicals available in BDSs is
considerable. To what extent chronic BDS usage impacts
the incidence and severity of mineral deficiencies, as well as
the etiology of their related disorders, remains to be seen.
Regardless, the available data suggest that pharmacodynamic
herb-micronutrient interactions do exist when select BDSs
are ingested concomitantly with dietary metals or mineral
supplements.

Vitamins

Clinically relevant pharmacokinetic herb-drug interactions
are well documented, and their mechanisms often involve
phytochemical-mediated alterations in drug-metabolizing
enzymes or transporters (1, 32, 33). Induction of xenobiotic
enzymes and efflux transporters often leads to reduced
drug eflicacy, whereas inhibition of these proteins may
promote drug toxicity. In addition, inhibition of drug uptake
transporters can markedly reduce drug absorption, thereby
reducing efficacy. Green tea catechins are recognized as

inhibitors of several drug uptake and efflux transporters
(e.g., organic anion transporting polypeptides, organic cation
transporters, multidrug and toxin extrusion proteins, P-
glycoprotein) (34). Recently, green tea was shown to inhibit
the absorption of the antihypertensive drug nadolol, purport-
edly by inhibiting the intestinal uptake transporter OATP1A2
(35). This green tea-nadolol interaction was believed to
underlie the observed loss in hypertension control.
Pharmacokinetic herb-micronutrient interactions are
also likely to involve phytochemical-mediated alterations in
the activities of enzymes and transporters important in mi-
cronutrient disposition. Because uptake transporters of the
solute carrier membrane transport protein family (SLC) play
a prominent role in the disposition of several vitamins (e.g.,
folate, ascorbate), chronic exposure to excessive quantities of
phytochemicals capable of modulating these carrier proteins
may give rise to vitamin deficiencies. The reduced folate
carrier SLC19A1 and the proton-coupled folate transporter
SLC46A1 are the principal facilitative uptake transporters of
folates, although other efflux transporters of the ATP-binding
cassette (ABC) family (e.g., multidrug resistance proteins

Clinically relevant herb-micronutrient interactions  527S
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FIGURE 3 Representative polyphenolic phytochemicals commonly found in milk thistle, including the silibinin-iron complex.

1-5 and ABCG2) have also been identified in regulating
folate transport across the intestinal mucosa (36). To date,
very few clinical investigations into the effect of BDS
supplementation on vitamin absorption have been reported.
Of these, the preponderance has focused on tea catechin
polyphenols and folate (37-39). Because reduced folate
exposure has been linked to development of neural tube
defects, BDS-mediated alterations in folate absorption

among pregnant women could prove to be a clinically
important herb-micronutrient interaction.

Alemdaroglu et al. (37) reported that daily administration
of 900 mg of green or black tea catechin polyphenolics
to healthy volunteers (male and female) in a fasted state
significantly reduced the bioavailability of coadministered
folic acid. In a follow-up study, members of this same
research group found that daily administration of a green tea

TABLE 2 Summary of herb-micronutrient interactions and their mechanisms'

Phytochemical

Micronutrient affected

Effect and interaction mechanism

Plant polyphenols (tea catechins, phloretin, quercetin) Iron

Folate, ascorbate
Silymarins Iron
Phytic acid Calcium, iron, zinc
St. John's wort (hyperforin) Vitamin Dy

Reduced absorption via complexation

Reduced absorption via uptake transporter inhibition

Reduced absorption via complexation

Reduced absorption via complexation

Enhanced plasma clearance via induction of CYP3A4 metabolism

'CYP, cytochrome P450.
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FIGURE 4 Phloretin and quercetin are 2 polyphenolic compounds found in fruits and vegetables.

BDS (670 mg) with meals had no significant effect on serum
folate concentrations of healthy males, prompting them to
conclude that green tea catechins were unlikely to impair
folate status (38). This discrepancy between the 2 studies may
be explained by the effect of food on catechin absorption.
Food has been shown to markedly reduce the absorption of
green tea catechins (40); therefore, dosing conditions (fed
compared with fasted) may influence the effect of green
tea BDS on folate disposition. The influence of food on the
green tea—folate interaction may be especially important in
pregnant women. A recent survey of pregnant women in
Japan noted that a significant association existed between
high tea-catechin consumption and low serum folate
concentrations, despite regular use of folic acid supplements
(39). Unfortunately, the survey did not question whether
participants ingested tea catechins with or without food.

Additionally, not all green tea supplements are created
equally. Some green tea supplements are decaffeinated; others
have varying caffeine content. There is evidence that the
caffeine content of tea can bolster catechin polyphenol
absorption (41). Is it possible that green tea supplements
with high caffeine content have a greater impact on iron
and/or folate absorption? One of the most popular marketing
categories of BDSs is that of weight loss, and green tea and
other natural caffeine sources (e.g., guarana, maté, kola nut)
are common ingredients in their formulations. Given the
popularity of polyphenol-containing BDSs, their impact on
folate and iron absorption is an area that merits more clinical
research.

Ascorbate (vitamin C) is absorbed from the lumen of
the human intestine by sodium-ascorbate cotransport in
enterocytes. This secondary active transport mechanism
couples ascorbate uptake to the concentration gradient of
sodium ion across the plasma membrane that is main-
tained by sodium/potassium-ATPase (42). As with the folate
transporters, several plant polyphenols, including phloretin
and quercetin, have been shown to inhibit both ascorbate
transporters in vitro (43-45). Phloretin and quercetin are
present in various fruits (e.g., apples, apricots) and vegetables
(e.g., radishes, onions) (Figure 4). They are also available
as BDSs, where they are found in much greater amounts
than in an equivalent mass of raw fruit or vegetable biomass.
Theoretically, concomitant ingestion of ascorbic acid with
either of these polyphenolic BDSs could impair vitamin

C absorption. However, no prospective clinical trials have
been conducted to confirm this projection. Vitamin C is
present in a variety of citrus fruits that also contain a variety
of flavonoids and other plant secondary metabolites, but
it is unclear to what extent plant phytochemicals enhance
or impair ascorbate absorption. To date, the only clinical
study to address this question demonstrated that when
stable isotope-labeled vitamin C was used to distinguish
absorbed from endogenous vitamin, polyphenol-rich red
grape juice significantly reduced ascorbate bioavailability
(46). It was estimated that the volume (200 mL) of red grape
juice used to administer the isotopically stable vitamin C
contained about ~176 mg of polyphenols. Because many
commercially available BDS contain much higher quantities
of plant polyphenols than that present in red grape juice, it
seems plausible that vitamin C absorption would be adversely
affected when concomitantly ingested with select BDS.

Another clinical study examined the impact of
pycnogenol—a BDS incorporating an aqueous extract of
Pinus maritima bark that contains multiple polyphenolic
compounds—on vitamin C status in healthy adults (47).
No specific quantity of vitamin C was administered as a
supplement; rather, vitamin C intake was estimated from
food records. After 14 d of pycnogenol supplementation, the
investigators failed to note any significant changes in plasma
vitamin C concentrations. The authors concluded that
pycnogenol had no impact on vitamin C status. However,
the polyphenolic content of the BDS was not independently
verified. This shortcoming is a common mistake made
by investigators unfamiliar with the idiosyncrasies of BDS
formulas. Independent verification of phytochemical content
is especially important when conducting BDS research,
because the actual quantity can vary considerably from that
claimed on the product label (32).

The Current Status of Herb-Micronutrient
Research: Practices and Precautions

A host of uptake [e.g., SLC and solute carrier organic anion
transporter (SLCO) families] and efflux transporters (e.g.,
the ABC family), as well as xenobiotic metabolizing enzymes
[e.g., cytochromes P450 (CYPs), UDP glucuronosyltrans-
ferases], play important roles in the absorption, distribution,
metabolism, and excretion of other water-soluble (e.g.,

Clinically relevant herb-micronutrient interactions 5295



Hyperforin

FIGURE 5 Hyperforin, a high-affinity ligand for human steroid
xenobiotic receptor present in St. John's wort.

biotin, niacin, pyridoxine, riboflavin, thiamine) and fat-
soluble vitamins (e.g., calciferols, carotenoids, tocopherols)
(48-53). A substantial body of in vitro evidence has identified
various substrates, inhibitors, and activators of SLC/SLCO
and ABC transporters, as well as CYPs and UDP glucurono-
syltransferases involved in micronutrient disposition, and
among these compounds are certain phytochemicals (32—
34, 43, 45). Yet, when it comes to identifying clinically
relevant herb-micronutrient interactions, less evidence exists
discerning the extent to which these in vitro findings translate
to the human in vivo condition. At present, the clinical
evidence is limited to the effects of select polyphenolic
compounds on the disposition of dietary metals and a
few water-soluble vitamins (e.g., folate, ascorbate). In effect,
research into clinical herb-micronutrient interactions has
lagged far behind that of herb-drug interactions (Table 2).
The current discrepancy between herb-drug and herb-
micronutrient interaction research is best illustrated with
SJW, a popular botanical noted for its antidepressant activ-
ity, which has perhaps the greatest herb-drug interaction
potential of any commercially available BDS. Both the
antidepressant effect and the drug interaction potential of
SJW are linked to the content of the phytochemical hy-
perforin, a bicyclic polyprenylated acylphloroglucinol found
exclusively in Hypericum species (54). Hyperforin is a high-
affinity ligand for the human steroid xenobiotic receptor
(SXR), an orphan nuclear receptor selectively expressed in
the liver and intestine that regulates gene transcription for
a variety of xenobiotic metabolizing enzymes and trans-
porters (Figure 5). According to one estimate, hyperforin
is the most potent SXR activator discovered to date, even
more potent than the drug rifampin (55). It is estimated
that >70% of all prescription medications are susceptible
to SJW-mediated interactions, resulting in decreased oral
bioavailability, enhanced systemic clearance, and reduced
drug efficacy. To date, no clinical investigations into potential
SJW-micronutrient interactions have been conducted, but
other drugs that are SXR ligands have been linked to
such interactions. For example, the SXR ligand rifampin
can reduce plasma concentrations of biologically active
vitamin D; [l«,25(OH), D3], presumably via induction of
CYP3A4-mediated vitamin D metabolism (56). Rifampin
usage has also been linked to vitamin D deficiency and the
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development of osteomalacia (57). As hyperforin is a more-
potent SXR ligand than rifampin, it seems plausible that
prolonged SJW usage may also promote vitamin D deficiency
and possibly osteomalacia.

A wide variety of other nuclear receptors, as well as
cross-talk between these proteins, regulate the expression
of many xenobiotic metabolizing enzymes in addition to
efflux and uptake transporters. Not surprisingly, in addition
to hyperforin, a significant number of phytochemicals have
been identified as nuclear receptor ligands in vitro (58-60).
Besides nuclear receptor activation, other phytochemical-
mediated mechanisms for modulating drug disposition have
been identified (32, 33, 58), many of which are also likely
to affect micronutrients. One principal difference, however,
between herb-drug and herb-micronutrient interactions is
that the clinical consequences of the latter are often slower
to develop and less perceptible to both patients and health
care professionals. This is primarily because of differences in
the therapeutic ranges of drugs and micronutrients. Herb-
mediated interactions involving drugs with narrow therapeu-
tic windows are comparatively more clinically relevant than
most herb-micronutrient interactions.

Another aspect of herb-micronutrient interactions that
researchers new to this field must be aware of is the
capricious nature of BDS formulations and the lack of
rigorous FDA oversight. Moreover, the bioavailability of
many phytochemicals present in BDS dosage forms is often
quite low. This is usually a consequence of poor dosage form
performance or extensive first-pass metabolism, or both.
However, recognizing that many phytochemicals present
in BDSs have poor oral bioavailability, often as a result
of poor water solubility, dietary supplement manufacturers
have begun to incorporate new formulation technologies
(e.g., phytosomes, liposomes, nanoparticles, nanoemulsions)
to markedly improve phytochemical absorption (61). One
potential unforeseen consequence of these novel phyto-
chemical delivery systems is that botanicals that heretofore
had very low interaction potentials may now be rendered
more susceptible to interactions involving both drugs and
micronutrients. At present, few of these novel BDS formu-
lations have been evaluated for their drug or micronutrient
interaction capability.

Although content versus label-claim discrepancies are
certainly important, a challenge with more serious conse-
quences is the purposeful adulteration of BDSs with drugs
or other botanicals. Although implementation and adaption
of dietary supplement cGMPs should remedy such issues, not
all manufacturers are sedulous in their adherence to cGMPs.
At present, adulteration is common to several categories
of BDSs, namely products marketed for body-building
supplements, weight loss, sexual performance enhancement,
and exercise performance enhancement. Contamination—
either accidental or purposeful—with microbes, heavy metal,
pesticide residues, or insect parts is another variable that can
negatively impact herb-micronutrient interaction studies.
Recently, a best practice guideline was published highlighting
these and other considerations when conducting herb-drug



interaction studies (62). Many, if not all, of these recom-
mendations are applicable to herb-micronutrient interaction
studies as well.

Conclusions

Since their introduction in 1994, BDSs have become a staple
within the American health care system. Yet, despite their
popularity, many of the idiosyncrasies of BDS formulations
are unknown or underappreciated by consumers and health
care providers alike. Like drugs and micronutrients, phyto-
chemicals within BDS are subject to the same absorption,
distribution, metabolism, and excretion pathways that the
body employs to deal with any xenobiotic. As such, all 3 are
likely to interfere with each other when taken concomitantly,
especially if they compete for or modulate a common
pathway. For the last 20 y, a substantial research effort has
been underway to better understand the interaction risk
and interaction mechanisms between BDS and conventional
medications, and, during that time, several clinically relevant
herb-drug interactions have been identified. A topic just
as important, but receiving much less attention, is herb-
micronutrient interactions. From the paucity of clinical
studies conducted to date, it is apparent that certain classes
of phytochemicals can impact the disposition of vitamins
and dietary metals. However, the clinical relevance of many
of these herb-micronutrient interactions remains to be
determined, which means that further investigations into this
under-researched area are urgently required.
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