
Herb-Drug Interactions 
in Chronic Conditions 

By Dennis V.C. Awang, PhD, 
and Adriane Fugh-Berman, MD

MANY REVIEWS OF HERB-DRUG INTERACTIONS IN THE MEDICAL LIT-
erature include inadequately documented case reports, or theo-

retical extrapolations from in vitro activity. This review will focus on
well-documented, potential drug interactions in those individuals
with chronic diseases, particularly cardiovascular disease and dia-
betes. St. John’s wort interactions are covered in the companion arti-
cle (see page 60). 

Anticoagulant/Antiplatelet Interactions
Warfarin and other coumarin anticoagulants interact with many

drugs, foods, and medicinal herbs. Both garlic (Allium sativum) and
ginkgo (Ginkgo biloba) interfere with platelet function in vitro and
may increase the risk of bleeding when combined with warfarin. Gar-
lic inhibits platelet aggregation and fibrinolytic activity in both
patients with coronary artery disease1 and healthy subjects,2 and has
been associated with postoperative bleeding3,4 and spontaneous
spinal epidural hematoma.5 In ginkgo, the constituent ginkgolides are
potent antagonists of platelet activating factor. Ginkgo also has been
associated with spontaneous bleeding, even in the absence of antico-
agulant drugs.6

Many medicinal herbs contain anticoagulant coumarins (not all
coumarins are anticoagulant), which can also have additive effects
when combined with pharmaceutical anticoagulants.6 A Chinese
herb, danshen (Salvia miltiorrhiza), has been associated with three
cases of profound anticoagulation in patients on warfarin.6 Dong
quai, or danggui (Angelica sinensis, syn A. polymorpha), another
Chinese herb, doubled prothrombin time (PT) and International Nor-
malized Ratio (INR) in a 46-year-old African-American woman, pre-
viously stabilized on warfarin, who had ingested dong quai for four
weeks. Laboratory values normalized within one month of discontin-
uing the herb.7 In rabbits, dong quai extract affected neither baseline
PT nor warfarin pharmacokinetics.8 Given the case reports, however,
caution would dictate that patients avoid combining dong quai with
warfarin. 
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In one poorly documented case report, the anticoagu-
lant effect of warfarin was potentiated by consuming an
extract of the green fruit of papaya (Carica papaya).9

Green papayas, high in papain, are commonly consumed
in Southeast Asia. 

Seven cases of decreased INR associated with con-
comitant use of St. John’s wort and warfarin have been
reported.10 INR returned to target values after discontinu-
ing St. John’s wort. 

Although feverfew (Tanacetum parthenium) and gin-
ger (Zingiber officinale) often are invoked as anticoagu-
lant herbs in the literature, no cases of bleeding problems
have been linked to these herbs. Although feverfew
extracts and its sesquiterpene lactone constituents,
notably parthenolide, inhibit platelet aggregation by
inhibiting serotonin release,11 neither bleeding episodes
nor abnormal coagulation tests have been reported.
Although ginger inhibits platelet aggregation induced by
arachidonic acid, epinephrine, adenosine diphosphate,
and collagen,12 and a case report associated consumption
of a marmalade containing 15% raw ginger with inhibit-
ed platelet aggregation,13 clinical studies are reassuring. 

Three clinical trials designed to look at bleeding risk
have been performed with ginger, more than with any
other herb. A placebo-controlled crossover trial tested the

effect of 2 g of dried ginger on eight men; ginger did not
affect bleeding time, platelet count, or platelet function at
three or 24 hours after ingestion.12 Another crossover
trial in 18 healthy volunteers (including nine women)
compared the effect of two weeks administration of
placebo, 15 g raw ginger root, or 40 g cooked ginger
stem.14 There was no significant effect of any dose on
platelet cyclooxygenase activity. Very high doses of gin-
ger, however, may affect platelets. A placebo-controlled
trial found that a single 10 g, but not 4 g, dose of pow-
dered ginger in patients with coronary artery disease sig-
nificantly reduced platelet aggregation.15 Consumption
of dried ginger should be limited to 4 g/d. 

One case of decreased INR when Asian ginseng
(Panax ginseng) was combined with warfarin has been
reported.16 A subsequent in vivo study in rats found nei-
ther pharmacodynamic nor pharmacokinetic interactions
of single-dose or steady-state ginseng upon warfarin.17

Until this situation is clarified, patients on coumarin anti-
coagulants should either refrain from consuming ginseng
or have bleeding times regularly monitored. 

Hypertension
Consuming yohimbe (Pausinystalia yohimbe) bark or

extracts increases the risk of hypertension. The con-
stituent alkaloid, yohimbine (used conventionally to treat
erectile dysfunction), increases blood pressure more in
hypertensive than in normotensive subjects.18 Hyperten-
sive effects are potentiated when yohimbine is combined
with tricyclic antidepressants.19

Ephedra or ma huang (Ephedra sinica, E. equisetina,
E. intermedia ) has been associated with numerous
reports of adverse cardiovascular effects including hyper-
tension, palpitations, tachycardia, seizure, and stroke.20

Coadministration of ephedra preparations with
monoamine oxidase (MAO) inhibitors can lead to life-
threatening hypertension.21

Digoxin Interactions
Foxglove (Digitalis purpurea) and other herbs contain

cardiac glycosides that could have an additive effect with
digitaloid cardiac glycosides,22 but these are not com-
monly used medicinal herbs. The only reported case of
an herb-drug interaction associated with digitalis proved
to be interference between a preparation purported to
contain Siberian ginseng (eleuthero) (Eleutherococcus
senticosus) and the digoxin assay, causing spuriously ele-
vated digoxin levels.23

Diabetes
Glucose control in both insulin-dependent (Type 1)

and non-insulin dependent (Type 2) diabetics can be 
affected by consumption of hypoglycemic herbs. 
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Ginseng clearly has a hypoglycemic effect (see Alter-
native Therapies in Women’s Health, March 2002). More
than 400 plants have been traditionally used for their
hypoglycemic action;24 of these, Aloe vera, syn. A. bar-
badensis, leaf juice;25 the fruit of bitter melon/karela
(Momordica charantia) (found to improve glucose toler-
ance without increasing insulin levels);26,27 and the seeds
of fenugreek (Trigonella foenum-graecum),28 are com-
monly used herbs with documented hypoglycemic
effects. Also, two clinical studies with a water-soluble
acidic fraction of an ethanol extract of gurmar (Gymne-
ma sylvestre) leaves have reportedly reduced insulin
requirements in both insulin-dependent and non-insulin-
dependent diabetics,29,30 effects comparable to those
observed with Aloe vera juice and glibenclamide.31 The
anti-diabetic effect of fenugreek is attributed to intestinal
effects of the gum fiber (galactomannans), which also
displays hypocholesterolemic activity.28

There have been no reported cases of adverse events
attributed to combining hypoglycemic herbs and drugs.
While additive effects are certainly possible, appropriate
self-monitoring by the patient and clear lines of commu-
nication between the patient and health care practitioner
should avert problems. 

Laxative Herbs and Drugs
Bulk-forming laxative herbs, such as the hydrocol-

loidal-fiber-containing guar (Cyamopsis tetragonolobus)
gum, psyllium (Plantago spp.), konjac (Amorphophallus
rivieri), and others, taken in sufficient quantity can delay
gastric emptying and reduce the rate of absorption of car-
bohydrates and drugs, including lithium,32 gliben-
clamide,33 lovastatin,34 tricyclics,35 and digoxin.36

Laxative herbs that contain stimulant anthranoids,
including senna species (Cassia senna, C. acutifolia, and
C. angustifolia), Chinese rhubarb (Rheum officinale),
cascara sagrada (Rhamnus purshiana), frangula or alder
buckthorn (Rhamnus frangula), yellow dock (Rumex
crispus), and drug aloe, the leaf exudate of Aloe vera, can
decrease the absorption of intestinally absorbed drugs
due to an increased rate of intestinal transit.37

Summary and Recommendations
Although it would be prudent to be aware of the

potential for adverse health effects resulting from com-
bining herbal medicines with orthodox drugs, there are
relatively few conditions for which a clear danger has
been established. 

Patients on anticoagulants should avoid the use of
ginkgo, ginseng, dong quai, and danshen; those who con-
sume other herbs whose pharmacology suggests antico-
agulant potential, should have their bleeding times moni-

tored.29 Anyone on critical chronic medication should not
take St. John’s wort, because it reduces the bioavailabili-
ty of many drugs. The effect of herbal laxatives in
decreasing absorption also should be borne in mind. v
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Drug Interactions 
with St. John’s Wort 
By Jerry Cott, PhD

ALARGE BODY OF LITERATURE HAS BECOME AVAILABLE

on the interaction potential of St. John’s wort (SJW,
Hypericum perforatum); familiarity with the mecha-
nisms underlying these interactions can help clinicians
avoid potential problems. 

CYP450 and P-glycoprotein
The cytochrome P450 (CYP450) enzymes are a fami-

ly of biotransformative enzymes concentrated in the liver
and intestinal mucosa, but also are found in the kidneys,
skin, lungs, and other tissues. Many foods and drugs
induce or inhibit (or both) the activity of CYP450
enzymes. Induction, because it depends on the rate of
synthesis of new enzyme, is a slow process. Although
usually noticeable after a few days, maximal induction
effects may take two weeks. Inhibition is more rapid, and
can become maximal within 24 hours of exposure to the
inhibitor; likewise, inhibition may reverse more rapidly. 

The most important CYP450 isoenzymes are CYP
2C, 2D6, and 3A4.1,2 CYP3A4, the most abundant hepat-
ic enzyme, oxidizes more than half of all medications
subject to oxidative metabolism. 

In vitro assays are commonly used to screen for poten-
tial drug interactions, but they have considerable limita-
tions. For instance, in vitro drug and enzyme concentra-
tions must approximate those attained in vivo, since
enzyme specificity may be lost at elevated concentra-
tions. False positives may be generated when crude
extracts are incubated directly with hepatocytes (often at
thousands of times the physiological plasma level). The
incubates often contain constituents that would never be
absorbed if orally ingested. Thus, whole animal or
human clinical studies are by far the most useful measure
of metabolic alterations since they incorporate absorption
effects, as well as the effects of stomach acids, digestive
enzymes, and transport systems. 

P-glycoprotein (Pgp) is an ATP-dependent pump that
moves substrates out of cells. An inducible membrane
transport protein, Pgp is found in normal human renal,
intestinal, and biliary epithelia, adrenals, testis, and preg-
nant uterus, where it is a barrier to xenobiotic accumula-
tion and a determinant of oral bioavailability of many
drugs.3 It also is found in both the choroid plexus and
cerebral endothelium and is an element of the blood-
brain barrier.4
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Pgp was initially discovered by cancer researchers
studying multi-drug resistance that resulted in cross-
tolerance or cross-resistance to structurally unrelated
compounds due to an overexpression of a family of trans-
porter proteins.5

In Vitro and In Vivo Studies
Crude SJW methanolic extracts inhibited CYP 1A2,

2C9, 2C19, 2D6, and 3A4 at very high concentrations;
IC

50
(concentration required to inhibit enzyme activity by

50%) values ranged from 10 to 1000 mcg/mL.6 The
flavonoid compound I3,II8-biapigenin inhibited CYP
3A4, 2C9, and 1A2 activities with IC

50 
values of 0.08,

4.0, and 3.7 mcM, respectively. 
Hyperforin, previously believed to be one of the active

antidepressant compounds in SJW, is the primary con-
stituent responsible for enzyme and transport protein
induction. Hyperforin inhibited CYP 2D6, 2D9, and 3A4
with IC

50
values of 1.6, 4.4, and 2.3 mcM, respectively.

The significance of these data is uncertain since the con-
centrations were higher than those attained clinically,
e.g., hyperforin maximum plasma level was reported to
be 280 nM (150 ng/mL).7 Also, isolated chemical con-
stituents may not be relevant to whole or crude plant
extracts. However, within physiologically relevant con-
centrations, hyperforin induces CYP3A4 in hepatocyte
cells via the pregnane X nuclear receptor (K

i
= 27 nM)8

and the steroid X receptor.9

Hyperforin is not necessary for a therapeutic effect (a
low hyperforin formulation, Ze 117, has shown efficacy
in major depression).10 Clinical pharmacokinetic studies
have shown this formulation lacks interaction potential
with either the CYP3A4 system or the Pgp transporter. 11

Rats given 300 mg/kg/d SJW extract orally for 10
days showed no changes in CYP450 liver enzyme activi-
ty.12 However, rats treated orally with SJW did show
reduced plasma levels of warfarin.12 Together, these data
suggest (in rats at least) that the metabolic induction by
SJW occurs in the intestine, rather than in the liver. 

Clinical Data: CYP Isoenzymes and Pgp
Studies appear to show no effect of three days or less

of SJW administration on any CYP isoenzymes.13,14

There is a tendency towards induction of CYP3A4 at
eight days15 and consistent induction of CYP3A4 at 14
days.14,16 Other CYP enzymes are not affected by SJW:
Studies found no effect of SJW on CYP1A2 at eight
days15 or 14 days;14 no effect on CYP2D6 at three days,13

eight days,15 or 14 days;14 and no effect on CYP2C9 at
14 days.14

SJW recently has been reported to induce Pgp as well
as CYP3A4. Administering SJW extract for 14 days

increased intestinal Pgp expression 3.8-fold in rats and
1.4-fold in humans.17 In another study, healthy volunteers
were randomized to placebo or SJW 600 mg tid for 16
days. Pgp expression increased 4.2-fold from baseline in
subjects treated with SJW (P < 0.05).18

Cyclosporine
Two cardiac graft rejections were recently reported.19

Both were men in their 60s receiving azothiaprine,
cyclosporine, and corticosteroids, and were hospital-
ized due to early signs of rejection three weeks after
beginning standardized SJW (300 mg tid). Discontinu-
ing SJW increased cyclosporine levels; both patients
recovered.19

A 29-year-old woman who received a cadaveric kid-
ney and pancreas transplant began taking SJW supple-
ments for 4-8 weeks. Her previously stable cyclosporine
concentrations became subtherapeutic; this was associat-
ed with organ rejection.20 Four weeks after stopping
SJW, cyclosporine concentrations again became thera-
peutic. Reduced cyclosporin levels (without transplant
rejection) associated with SJW have been reported in
four publications, including single case reports,21,22 two
cases,23 and a case series of 30 patients at one institution
in Germany.24

Although oral bioavailability variation of cyclosporine
was previously ascribed to CYP3A4 variability, it is now
known that Pgp variably reduces the rate of intestinal
absorption.25 Thus, SJW extracts may have reduced oral
bioavailability of cyclosporin by inducing Pgp as well as
CYP3A4.17,18 The potential SJW interaction with
cyclosporine is marked, and coadministration of the two
agents should be avoided. 

Digoxin
SJW interacts with digoxin, a known substrate of Pgp

transport that is not metabolized by P450 enzymes.
Twenty-five healthy volunteers brought to steady-state
digoxin levels continued to receive digoxin (0.25 mg/d)
either with placebo or with 900 mg/d SJW (LI 160) for
10 days.26 The first dose of SJW extract had no effect, but
10 days of SJW treatment decreased digoxin area under
the curve (AUC) 25% (P = 0.0035), reduced trough con-
centrations 33% (P = 0.0023), and reduced Cmax (maxi-
mum concentration) 26% (P = 0.0095). Administering
SJW extract to eight healthy males over 14 days
decreased digoxin 18% after a single dose of 0.5 mg.17

Protease Inhibitors
In healthy, HIV-negative subjects, steady-state kinetic

parameters for indinavir were established and then com-
pared to parameters after administering standardized
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SJW extract 300 mg tid for 14 days.27 Indinavir AUC
decreased by 57% after the SJW therapy. Indinavir is a
substrate of CYP3A4 and Pgp.28

Anticoagulants
A crossover study examined the effect of SJW (LI160)

on phenprocoumon (an anticoagulant closely related to
warfarin).29 Ten men received SJW (300 mg tid) or
placebo; on day 11, each received a single dose of phen-
procoumon (12 mg). SJW significantly decreased free
phenprocoumon AUC (~17%; P = 0.007) compared with
placebo. 

Seven cases of patients stabilized on warfarin experi-
encing reduced INRs associated with SJW have been
reported.30 No thromboembolic complications were
noted. Warfarin is metabolized by CYP2C9; however,
induction of Pgp also may play a role. In support of this
possibility, rats treated with SJW showed no changes in
liver enzyme activity, but did show reduced plasma levels
of orally administered warfarin.12

Oral Contraceptives
Two unintended pregnancies associated with the use

of SJW occurred in long-term oral contraceptive users.
Both had successfully used oral contraceptives for more
than eight years and both became pregnant within five
months of starting SJW (see Alternative Therapies in
Women’s Health, April 2002). Breakthrough bleeding
also has been reported.30,31 Steroids are known substrates
of CYP3A4. 

Theophylline
Theophylline has been reported to be metabolized (by

demethylation) to a significant degree by CYP1A2.32,33

CYP1A2 enzymes are induced by tobacco, charbroiled
meat, cruciferous vegetables, and a high-protein diet.
Treatment with SJW for eight days in 16 subjects showed
no effects on CYP1A2,34 and no in vivo data suggest an
interaction of SJW with CYP1A2. 

A single report of a possible theophylline-SJW inter-
action is probably a spurious association. A 42-year-old
woman who smoked half a pack of cigarettes daily and
took 11 other prescription medications (most of which
affect CYP enzymes) took SJW for two months and 
was found to have subtherapeutic theophylline levels,
which rose within seven days of discontinuing SJW.35

This report also discussed unpublished in vitro data sug-
gesting induction of CYP1A2 with pure hypericin at con-
centrations several hundred times greater than those
found in plasma. This report is difficult to evaluate and
does not constitute evidence for a SJW-theophylline
interaction. 

Carbamazepine
Eight healthy volunteers received carbamazepine 100

mg twice daily for three days, then 200 mg twice daily
for three days, then 400 mg once daily for 14 days.36

Blood was drawn on day 14, then subjects took 300 mg
SJW (0.3% hypericin) tid with meals and with carba-
mazepine (400 mg) for 14 days. On day 35, plasma sam-
ples were analyzed for carbamazepine and its metabolite
carbamazepine-10,11-epoxide. SJW administration did
not affect carbamazepine concentrations at peak, trough,
or AUC, suggesting that SJW either is not a particularly
powerful CYP3A4 inducer, or that it cannot induce car-
bamazepine metabolism beyond the extent to which car-
bamazepine induces itself. 

Antidepressants
Although concern has been expressed about SJW’s

ability to inhibit monoamine oxidase (MAO) in vitro, no
clinical or animal reports of MAO inhibition exist. Cur-
rent evidence suggests that MAO inhibition may be an in
vitro artifact.37 There are a few case reports of serotonin
syndrome associated with SJW in the United States (no
such cases have been reported in Europe).38 A case series
of four elders with mild serotonin syndrome associated
with combining SJW with the serotonin reuptake
inhibitor sertraline or the atypical antidepressant nefa-
zodone (one case) were consistent with exaggerated side
effects of sertraline, namely, nausea, vomiting, and rest-
lessness.39 All patients were stable on medication and
experienced these effects within 3-4 days of adding SJW. 

Literature references to drug metabolism and sertra-
line are conflicting. Most references do not list sertraline
as a substrate of CYP3A4,40 but in one case, a 12-year-
old boy experienced a serotonin syndrome when eryth-
romycin, a known CYP3A4 inhibitor, was added to 
sertraline.41

A mild inhibiting action of SJW on CYP3A4 (demon-
strated in acute dosing studies) could have increased ser-
traline or nefazodone plasma levels; an exaggerated sero-
tonergic response consistent with increased nefazodone
levels has been linked to acute inhibition of CYP3A4.42

The opposite effect could be predicted if SJW adminis-
tration preceded the antidepressant. 

This is in fact the result of a clinical trial of amitripty-
line and SJW in which 12 depressed patients received
900 mg SJW extract with 75 mg twice daily of amitripty-
line for 14 days.43 AUC decreased 21.7% for amitripty-
line and 40.6% for nortriptyline. Levels of amitriptyline
and its metabolite continuously decreased over the 14-
day period, consistent with enzyme induction. 

Amitriptyline is another drug for which consider-
able contradiction exists in the literature regarding its
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metabolism. David Flockhart’s comprehensive drug
interaction table (http://medicine.iupui.edu/flockhart/)
lists amitriptyline as a substrate for CYP 1A2, 2C19,
2C9, and 2D6, while Feucht and Weissman also list it as
a substrate for CYP3A4 and glucuronyl transferase.42

Conclusion
SJW reduces plasma levels of indinavir, cyclosporine,

digoxin, and anticoagulants. Pregnancies have been
reported in long-term oral contraceptive users after initia-
tion of SJW. Repeated dosing of SJW (8-14 days)
induces intestinal CYP3A4 activity. Chronic administra-
tion of SJW also induces the drug transporter protein,
Pgp. The few drugs that are substrates of both systems
(e.g., indinavir and cylcosporine) are doubly affected by
SJW. Hyperforin appears to be responsible for both
enzyme and Pgp induction, though it may not be neces-
sary for therapeutic activity. v

Dr. Cott is Scientific Director and Chief Science Officer
at Scientific Herbal Products, Inc. in College Park, MD. 
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CME Questions
5. Which of the following has been linked to increased risk 

of bleeding? 
a. Ginger 
b. Feverfew 
c. Ginkgo 
d. All of the above

6. Which of the following has hypoglycemic effects? 
a. Ginkgo 
b. Bitter melon/karela 
c. Ginger 
d. All of the above 

7. St. John’s wort does not lower plasma levels of which of the 
following drugs? 
a. Cyclosporine 
b. Digoxin 
c. Indinavir
d. Carbamazepine 

8. St. John’s wort induces: 
a. cytochrome P450 3A4. 
b. P-glycoprotein. 
c. both cytochrome P450 3A4 and P-glycoprotein. 

64 August 2002

Clinical Abstracts
With Comments by Adriane Fugh-Berman, MD

Veil-Wearing 
and Asthma

Source: Ahmad EFEM, et al. The effect of
wearing the veil by Saudi ladies on the occur-
rence of respiratory diseases. J Asthma
2001;38:423-426. 

Design/Subjects/Setting: A total of
710 adult women in Dammam, Saudi
Arabia, were interviewed by structured
questionnaire. Questions were asked
about the subjects’ age, residence,
smoking, veil-wearing, occurrence of
upper respiratory tract infections, and
occurrence of other respiratory diseases. 

Results: Fifty-eight percent of subjects
used the veil. Self-reported attacks of

asthma and common colds were signifi-
cantly more frequent among veil users
than among non-users (P < 0.0003, 
P < 0.00001). 
Comments: The veil popular in Saudi
Arabia is made of two or three layers of
black cloth with small slits for the eyes.
The researchers suggest that because the
veil is worn so close to the face, a very
humid micro-environment may facili-
tate the growth of microorganisms. This
study also noted that members of the
same household may share veils, possi-
bly spreading infection more readily. It
is unclear whether the researchers actu-
ally know whether veil-sharing takes
place; certainly it would have been a
simple matter to ask study participants. 

Many more questions should have

been asked. There may be other differ-
ences (e.g., living situation and mood)
between women who wear veils and
women who don’t that were not picked
up by this questionnaire. In addition, the
prevalence of smoking is given only for
the aggregate sample (12.1%) without
stating whether prevalence of smoking
differed between groups. 

Both discrimination and depression
are risk factors for chronic diseases and
may play a factor here. Veil-wearing
may exemplify more traditional roles
that could influence results (perhaps
veil-wearing women stay at home more,
are around children more, etc.) 

The true relationship between veil-
wearing and respiratory disease will
have to await a better study.   v


