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INTRODUCTION
Herbs (herbal drugs) are generally defined as any 
form of a plant or plant product, including leaves, 
flowers, stems, roots and seeds, and they may 
contain a single herb or combinations of several 
different herbs that are believed to have comple-
mentary effects (1). They are among the natural 
products which are also classified as dietary sup-
plements, nutraceuticals or complementary and 
alternative medicines (CAM), and may also in-
clude minerals and animal products such as en-
zymes. According to a report published in the 
Journal of American Dietetic Association in 2000 
(2), there are over 29,000 different dietary supple-
ments available in the USA and an average of 
1000 new products are added yearly. Sales of 
herbal products in Europe and USA combined, is 
reported to exceed $30 billion (or higher accord-
ing to different sources) annually (3-4). It is also 

stated that the wide spread promotion of comple-
mentary and alternative medicine (CAM) prod-
ucts in the popular media and the unsubstantiat-
ed health care claims seem to increase their de-
mand, although there are no sufficient scientific 
evidence for their safety and efficacy (1,3). This is 
also true for Turkey.

Herbs or herbal products have been used since 
the dawn of the humanity to treat illness and im-
prove health, and according to The World Health 
Organization (WHO) an estimated 80 percent of 
the world’s population presently uses herbal 
medicines for some aspect of primary health care. 
They are also commanly used by patients with 
certain chronic medical conditions including 
breast cancer, human immunodeficiency virus 
(HIV), asthma and rheumatological disorders (5-
7). Main reason for their preference over the 
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pharmaceutical drugs is that they are available without pre-
scription and they are commanly assumed to be safe. Com-
parison of a National Health Survey made in 2002 in the Unit-
ed States with that made in 1997 revealed that there was a 50% 
increase in the use of herbal supplements, which meant that in 
the United States 38 million adults (20% of the population) 
were using these products and also that the use of herbal sup-
plements in the USA is growing steadily by approximately 
20% per year (5, 6, 8-10). Other surveys reported even higher 
estimates of use, reaching 61 to 71 % (1,11). We could not find 
a similar survey made in Turkey. Besides, in Turkey and in 
many other cuntries (especially in developing countries), it is 
common practice to use folk medicines or products prepared 
unofficially by people specializd in the field (called “aktar”; ie 
“herb and spice seller” in Turkey); some people even prepare 
their own remedies from raw material they buy from the mar-
ket. Since they do not consider these products as drugs, they 
do not even mention using them, and it would be impossible 
to track down all of these uses. Unfortunately, in spite of this 
widespread use of herbal medicines, it is reported that rela-
tively few physicians inquire about their use, and up to 70% of 
patients do not reveal their use of herbal medicines to their 
physicians and pharmacists (3,7, 9-12) . 

According to a study that was carried out in the USA, a total of 
101 of 657 patients (15.4%) reported using herb-dietary supple-
ments (HDS), including echinacea (21.8%), ginkgo biloba 
(13.9%), garlic (7.9%), St. John’s wort (SJW, 6.9%), ginseng 
(6.9%), evening primrose oil (5%), saw palmetto (4%) and also 
some nonherbal dietary supplements including glucosamine 
(13.9%), omega-3 fatty acids (13 %), cranberry (4%), chondroi-
tin (5%), and coenzyme Q10 (5%). Although they found no in-
creased rate of adverse drug events (ADEs) among HDS users 
compared to nonusers, 14 percent of users had potentially 
dangerous interactions with their prescription drugs (5).

Many of the herbal products or supplements are unlicensed 
and manufacturers are not required to demonstrate efficacy, 
safety or quality (3,5,10,12,13). Thus, although they are used 
widely, there is still little evidence to support the efficacy of 
the majority of these products (1). Besides, lack of regulations 
of quality control and product standardization makes it diffi-
cult to establish safe doses of herbal products; active compo-
nents may vary 200-fold between manufacturer and batches 
(12,13). According to the literature, significant evidence for ef-
ficacy was found only for garlic, ginger, ginkgo biloba, saw 
palmetto, SJW, echinacea, ephedra and valeriane, and in the 
present review we will mainly concentrate on the interactions 
with these herbal products. 

Although the herbal products are often promoted as safe, be-
cause they are natural, they are not free of adverse effects. 
Many of them have serious side effects and these may be due 
to the direct toxic effects of the herb, allergic reactions, effect of 
contaminants as well as interactions with other herbal prod-
ucts or conventional drugs (12-16). Side effects may also be 
due to the contaminants in these products; high levels of heavy 
metals including mercury, lead and arsenic or undeclared 
pharmaceuticals, purposefully and illegally added to the herb 
to produce a desired effect, can be cited.

The global increase in the popularity of alternative medicines 
has raised renewed concerns regarding the increase in herbal 

drug adverse effects as well as the herb-drug interactions. The 
interaction between drugs and herbal medicines is a safety 
concern and these interactions are especially important for 
drugs with narrow therapeutic indices (3,5,11-14,17-23).

A survey made in 2007 demonstrated that 15% of the patients 
receiving conventional pharmacotherapy also take herbal 
products. Among these, potential herb-drug interactions were 
observed in 40% of the patients, but it is often difficult to estab-
lish the causative agent of a herb-drug interaction, especially if 
it occurs in patients receving multiple drug therapies. This is a 
substential public health problem since many patients who are 
known to be using one or more prescription drugs are also tak-
ing supplement preparations, and unfortunately only about 
one third of these patients were reported to tell their physician 
about their use of these products (1,3,5,7,9,17). 

MATERIAL AND METHODS
Pubmed International was searched for articles published 
about herbal drug interactions between the years 1997-2011.  
The search terms were herbal drug interactions, alternative 
medicine, nutriceuticals and names of the selected medicinal 
plants. Recent reviews dealing with herb-drug interactions 
were also searched for relevant information. Additional publi-
cations were identified by checking all reference lists. Since it 
would have been impossible to include all herbal drug interac-
tions, only some most commanly used herbal medication were 
chosen and Chinese herbal medicines were ommited altogeth-
er. Some interesting case reports about interactions of individ-
ual products were also included.

RESULTS
Interaction of herbal products with other drugs will be the 
main topic of this review paper. Majority of suspected herb-
drug interactions are identified through case reporting. All of 
the interactions with herbal products and conventional drugs 
are not known and even if it were, it would not have been pos-
sible to give them all in the context of a review paper. Thus, in 
the present review, only interactions between some commanly 
used herbal products and conventional drugs will be consid-
ered.

There can be pharmacokinetic or pharmacodynamic interac-
tions between herbal medicines and conventional drugs, and if 
the pharmacokinetics and/or the pharmacodynamics of the 
drug is altered due to this interaction, potentially severe and 
may be life-threatening adverse reactions may ocur (1,4,5,12, 
18,21-25). Pharmacokinetic interactions involve mainly induc-
tion or inhibition of the cytochrome P450 isozymes and p-glyc-
oproteins, resulting in alterations in the absorption, distribu-
tion, metabolism or excretion of drugs (4,14,18-21,24,25). Phar-
macokinetic interactions generally result in a change in plasma 
drug levels of the prescription drug.

Pharmacodynamic interactions between drugs and herbal 
medicines may be due to an aditive or synergistic effect which 
will result in enhanced effect or toxicity, or herbal medicines 
may have antagonistic properties which are likely to reduce 
drug efficacy and result in therapeutic failure. The synergistic 
or antagonistic interaction between herbals and drugs often 
result from the competitive or complementary effect of the 
drug and the co-administered herbal constituent at the same 
drug target. These interactions may result in increased risks of 
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central nervous system-related effects, hepatotoxicity or bleed-
ing, among others (11,14-17,21,24,25). 

Many of the drugs that were reported to interact with herbs 
are substrates of cytochrome (CYP) P450 enzymes, in particu-
lar CYP3A4 and CYP2C9, and these enzymes are subject to 
induction or inhibition by some of the regularly used herbal 
medicines. Accordingly, some of the herbal-drug interactions 
have been demonstrated to be mediated by CYP modulation, 
resulting in altered drug clearence and effect. On the other 
hand, expression of some of the CYP enzymes, including 
CYP3A4 is closely regulated by the nuclear factor pregnane X 
receptor (PXR), a nuclear receptor protein that plays a critical 
role in the regulation of human cytochrome P450 3A4 
(CYP3A4) and transport protein genes (4,18,19,22,24,26,27). 
Some of the drugs including cyclosporine, digoxine, simvasta-
tin, imatinip, indinavir, saquinavir, among others, that interact 
with herbals are substrates for P-glycoprotein, and most of 
them are also substrates for CYP3A4, that is, they are dual sub-
strates for both CYP3A4 and P-glycoprotein (P-gp). Like 
CYP3A4, P-gp can be induced or inhibited by drugs or herbals, 
and is also regulated by PXR. Thus, if a drug is a substrate for 
both CYPs and P-gp, there is a higher probability that it will 
interact with herbal products (18-20,22-24). In fact, since herbal 
medicines are usually administered orally and may attain high 
concentrations in the gut lumen and the liver, they may sig-
nificantly modulate the bioavailability of some orally adminis-
tered drugs. There are many factors related to the patient, herb 
and the co-administered drug that may influence the clinical 
importance of drug interactions with herbs. For example, 
pharmacokinetic drug-herb interactions have more serious re-
sults with drugs with a narrow therapeutic range, such as war-
farine or digoxin, since a small change in their plasma concen-
trations can lead to significant alterations in their therapeutic 
effect and/or toxicity.

In most cases the extent of drug interactions with herbs varies 
markedly among individuals, depending on inter-individual 
differences in drug metabolizing enzymes and transport pro-
teins, co-medication with other drugs,  age, among many other 
factors (18,24,26,27).

Drugs that are identified to interact with herbals include anti-
coagulants and antithrombotic agents, cardiovascular drugs, 
immunusuppressants, sedatives and antidepressants, statins, 
anticancer drugs and anti-HIV agents. Most of the drugs that 
are known to interact with herbals are administered orally in 
long term treatments and many of them are substrates of cyto-
chrome P450s (CYPs) and/or P-glycoprotein (P-gp). Herbal 
medicines that are reported to interact with drugs include gar-
lic (Allium sativum), ginger (Zingiber officinale), ginkgo (Ginkgo 
biloba), ginseng (Panax ginseng), St. John’s wort, echinasea, 
valerian and aphedra (1,3,4,10,13,19-28) and these will be dis-
cussed in the present paper.

Garlic (Allium sativum)
Garlic is used medicinally mainly to treat hypercholesterolae-
mia and for prevention of atherosclerosis. It was demonstrated 
to have the potential to modify the risk of development of 
atherosclerosis by reducing blood pressure and thrombus for-
mation as well as by lowering lipid and cholesterol levels 
(9,10,12,14). It may also have vasodilator effects, thus is used 
by hypertensive subjects. Its active components are believed to 

be alliin/allicin and its degredation products and sulphur-
containing essential oils. Dosage forms of garlic are standard-
ized for alliin content as well as garlic oil (25). Garlic may have 
pharmacokinetic or pharmacodynamic interactions with con-
comittanly used other drugs.

In a recent study in rats, it has been demonstrated that com-
bined use of fresh garlic homogenate with captopril had syner-
gistic effects in lowering the blood pressure, and also that cap-
topril increased the antihyperlipidemic activity of garlic (29-
31). In another study in rats, garlic was observed to increase 
the bioavailability and decrease the clearance and elimination 
rate of hydrochlothiazide when administered orally; writers 
concluded that addition of garlic in moderate doses might re-
sult in beneficial effects during treatment of hypertension in 
patients with myocardial stress (29,32).

Active constituents of garlic, especially alliin/allicin were 
demonstrated to have antioxidant properties and to inhibit the 
production and/or release of mediators such as platelet acti-
vating factor (PAF), adenosine, prostaglandins and thrombox-
ane. It is believed that its inhibitory effect on the production 
and/or release of one or more of these mediators may result in 
a decrease in platelet function (25). In fact, garlic inhibits plate-
let aggregation in a dose dependent fashion; this effect seems 
to be irreversible and may potentiate the effect of other platelet 
inhibitors such as prostacyclin, forskolin, indomethacine and 
dipyridamole, or warfarin.  There are case reports suggesting 
that garlic may influence platelet function and blood coagula-
tion, thus leading to risk of bleeding (3,11,33). Garlic has been 
demonstrated to increase the clotting time and international 
normalized ratio (INR) of warfarin (28). In an elderly male, 
spontaneous epidural haematoma was reported after inges-
tion of garlic (25). Patients consuming 600-900 mg garlic every 
day were reported to have a higher incidence of prolonged 
bleeding time than those who did not ingest garlic everyday 
(10). This inhibition of platelet function should be considered, 
and warrant patients to discontinue use of garlic at least 7 days 
prior to surgery, especially if postoperative bleeding is a con-
cern or if the patients are given other antiplatelet drugs.  

There are some reports implying that garlic oil may selectively 
inhibit CYP2E1, decreasing chloroxazone metabolism; howev-
er, this was not supported by further studies (13). In a recent 
study, it was demonstrated that in women with advanced breast 
cancer, coadministration of garlic supplement reduced the 
clearance of docetaxol by 23-35%, although the difference did 
not achieve statistical significance (34). There are also other re-
ports on pharmacokinetic interactions between garlic and other 
drugs. For example, Hajda et al. (2010) have demonstrated that 
ingestion of garlic for 21 days increased the expression of duo-
denal P-gp thus decreasing saquinavir bioavailability signifi-
cantly (35) and this was supported in a recent in vitro study car-
ried out in Caco-2 cell monolayers and rat intestine (36,37). An-
other trial has demonstrated that ritonavir could inhibit the 
metabolism of the active ingredients of garlic and increase its 
gastrointestinal toxicity. In summary, available data on drug in-
teractions with garlic at the biotransformation or P-gp level are 
not sufficient to come to a definite conclusion, but people should 
be cautioned against a possible interaction between long term 
garlic use and CYP2E1 and P-gp substrates, or with antiretrovi-
ral drugs such as ritonavir and saquinavir (9,13). 
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St. John’s Wort (SJW) (Hypericum perforatum) 
St. John’s Wort is a very popular antianxiety and antidepres-
sant product. It has also been reported to block metastases and 
act against inflammation and lung fibrosis. Although SJW has a 
good safety profile, it can undergo both pharmacokinetic and 
pharmacodynamic interactions with many other drugs (1,3,9).

It is known to be a strong inducer of hepatic and intestinal 
CYP450 enzymes as well as p-glycoproteins in the intestine 
through activation of pregnane X receptor (PXR) (4,18-21,24-
28, 38-51). Hyperforin, its most active compound, has also been 
reported to be a potent activator of pregnane X receptor (PXR) 
(4,17-19, 40-44,48,51,52). Due to this property, pharmacokinet-
ic interactions may be observed when SJW is administered 
concommitently with drugs which are substrates of CYP en-
zymes and/or P-glycoproteins. Accordingly, the herbal medi-
cines containing hypericum extract can significantly affect the 
absorption and/or elimination kinetics of many concomittent-
ly administered drugs, lowering their plasma concentrations 
and consequently their efficacy (13,26-28,43,44,48,52). SJW has 
been demonstrated to induce CYP3A4, CYP2C9, CYP2E1, and 
CYP2C19, and interaction with probes of these enzymes were 
also confirmed by clinical trials. These findings predict that 
SJW will interact with all prescription drugs that are metabo-
lized by these CYP enzymes, especially by CYP3A4 (9,26,50,52-
55). A detailed information on the interaction of SJW with con-
ventional drugs can be found in review articles by Zhou et al. 
(2004) (55) and Borrelli &Izzo (2009) (52). Drugs whose bioa-
vailability and/or rate of elimination is affected by SJW can be 
listed as antiepileptics (mephenytoin), benzodiazepines alpra-
zolam, midazolam, and quazolam, or antidepressant am-
itriptyline (4,7,12,41,56), oral contraceptives, hypoglyceamic 
drugs (gliclazide), anticoagulant drugs (warfarin, phenpro-
coumon) (57), drugs used in cardiovascular diseases (digoxin) 
(41), antiarrhythmic ivabradine, calcium channel antagonists 
nifedipine and verapamil, as well as antihyperlipidemic drugs 
simvastatin, pravastatin, and atorvastatin (54), the immuno-
suppressants cyclosporine (58) and tacrolimus, fexofenadine 
(59) and the anticancer drugs irinotecan, imatinib and docetax-
el (4,38,39,48,55,60,61). These are all substrates for CYP3A4 
and/or P-glycoproteins. Since most of the drugs are adminis-
tered orally, the interplay of both intestinal P-gp and CYP3A4 
has a strong effect on the bioavailability of most of the orally 
administered drugs including cyclosporine, amitriptyline, di-
goxin, talinolol, warfarin, statins, HIV protease inhibitors and 
verapamil. 

Some typical interactions of clinical relevance are worth men-
tioning. It was demonstrated that concommitant use of SJW at 
a daily dose of 300 mg 3 times a day significantly increased the 
oral clearence of nor-ethindrone and decreased the half-life of 
ethinyl estradiol. Breakthrough bleeding was observed in 7 of 
12 women consuming SJW, compared to 2 of 12 women in the 
control group (53). However, in another study on 16 healthy 
female volunteers, concurrent ingestion of 500 mg Hypericum 
extract for 3 months did not change the plasma concentrations 
of ethinylestradiol or desogestrel signifcantly. Still, it would be 
wise to warn the women who are consuming SJW that oral 
contraceptives may not afford sufficient protection and that 
unexpected pregnancies were reported in some women who 
consumed SJW while taking oral contraceptives (62).

It should be remembered that the interactions between SJW 
and anticancer drugs, anti-HIV drugs and immunosuppres-
sants may have serious clinical consequences (52). A clinical 
study in cancer patients reported that treatment with SJW at 
900 mg/day orally for 18 days decreased the plasma levels of 
the active metabolite of irinotecan, SN-38, by 42%. In healthy 
subjects, treatment for 2 weeks significantly decreased the sys-
temic exposure of imatinib by 32% (34). Docetaxel metabolism 
was also demonstrated to be significantly induced in isolated 
donor hepatocytes by exposure to hyperforine (61). Many can-
cer patients are prone to use herbal medicines. Thus, potential 
interactions of herbal medicines with anticancer agents have 
become a safety concern in cancer chemotherapy. Further 
studies are warranted to investigate the efficacy and safety 
profiles of herbal medicines commonly used by cancer pa-
tients (60). This inducing effect of SJW on CYP enzymes or p-
glycoproteins is observed after long-term treatment, that is, at 
least in two weeks. The in vivo CYP3A4 activity is reported to 
return to basal levels progressively, in about 1 week after the 
cessation of SJW (63).

Enzyme inducing effect of SJW is well known, however there 
are some in vitro studies demonstrating the inhibitory effect of 
hyperforin on CYP enzymes. Hellum et al (2009) reported that 
among the herbal drugs they studied, SJW was the most po-
tent CYP-modulating herb, showing a dose-dependent induc-
tion/inhibition of both CYP2C19 and CYP2E1, with induction 
at low dosages and inhibition at higher (64).

Hyperforin is the most active constituent of SJW, however,  it 
has been demonstrated in many studies that there is great var-
iability in the content of hyperforin among the commercial 
preparations of SJW, and also that SJW extracts with low hyper-
forin content (less than 1%) have not demonstrated any clini-
cally relevant interactions (9,51,58,61,63,65-71). Gödtel-Arm-
brust et al (2007) studied the CYP450 induction of LS174T cells 
by various extracts, commercial products and the purified SJW 
constituent hyperforin, observing that the content of hyperforin 
among the commercial preparations of SJW varied 62-fold 
(range 0.49-30.57 mg/dose) and that the magnitude of the in-
duction correlated statistically significantly with the content of 
hyperforin in commercial SJW preparations and in dry extracts 
(69). Mueller et al (2006, 2009) reported that the enzyme induc-
ing capacity of the products with low hyperforin content was 
very weak and a mild induction of CYP3A is not considered 
clinically relevant (65,66). Another study in healthy volunteers 
also demonstrated that SJW extract with low hyperforine con-
tent does not change the pharmacokinetics of alprazolam, caf-
feine, tolbutamide and digoxin or midazolam (67). This varia-
bility may be the reason for the contraversial findings observed 
in the literature about the interaction of some drugs with SJW, 
like alprazolam or midazolam. Some publications demon-
strate interaction, whereas some state that there is no interac-
tion.

It was also demonstrated that the pharmacogenetic predispo-
sition was important to the occurence of a Hypericum-drug in-
teraction;  due to the environmental and genetic factors, a sig-
nificant interindividual variability in the induction of CYP3A4 
activity among subjects was reported (72).

In summary, it will be wise to recommend that those who are 
under drug therapy should not take SJW, or if they are regu-
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larly taking it, they should be aware that the efficacy of their 
conventional treatment may be reduced during concommitent 
therapy. This type of interactions may have serious clinical 
consequences for anticoagulant, antiepileptic, antiretroviral, 
immunosuppressant (cyclosporine and tacrolimus) and anti-
cancer drugs (9,13). Decreased blood trough concentrations of 
cyclosporine have been observed in patients who were also 
taking SJW and this was associated with transplant graft rejec-
tion in all of these cases (18). 

SJW can also have pharmacodynamic interactions, namely 
synergistic effects with some CNS drugs, especially when 
combined with drugs that enhance serotonin (5-HT) signalling 
in the brain. It is used in the treatment of mild to moderate 
depression, however, it should be rememebered that it may 
interact with other antidepressant drugs used by the patient. 
SJW acts by inhibiting the reuptake of monoamines including 
serotonin, noradrenalin and dopamine, and the amino acid 
neurotransmitters gamma-aminobutyric acid and glutamate 
(1,21, 73). Thus, there may be an interaction of SJW with other 
serotonin reuptake inhibitors such as paroxetin, sertaline, ven-
lafaxine, and nefozodone, resulting in symptoms of central 
serotonin syndrome. This syndrome is characterized by a com-
bination of the following symptoms: confusion, agitation, 
tremor, diaphoresis, hyperreflexia, nausea, diarrhea, lack of 
coordination, coma, and /or flushing. For example, mania was 
observed in a young man taking both SJW and sertaline. A 
similar interaction may be observed with concommitant use of 
buspiron and SJW; there is a case report about a woman who 
experienced hypomania after adding SJW and ginkgo to her 
regimen of buspirone and fluoxetine (9). A similar type of in-
teraction was also observed with antimigraine drug eletripan; 
serotonin syndrome and rhabdomyolysis induced by concom-
mitant use of eletripan (an antagonist of 5-HT1B and 5-HT1D 
receptors), fluoxetine and SJW has been reported for a young 
woman.

Ginger (Zingiber officinale)
Ginger has prokinetic properties and is used as an antispas-
motic and also as an antiemetic agent; its antiemetic effect was 
demonstrated by clinical studies (21). It is also a traditional 
medicine against dyspepsia (13). Since it has the potential to 
accelarate gastric emptying, there is the probability that it may 
change the bioavailability of sustained release products. 

Concomitant intake of ginger was demonstrated to decrease 
the oral bioavailability (Cmax) and AUC(0-t) by 70.9% and 
63.1%, respectively), of cyclosporine in rats, probably by inter-
fering its absorption in the intestines (74).

Most of the interactions of ginger with conventional drugs are 
pharmacodynamic interactions. Ginger was demonstrated to 
have antithrombotic activity and to prolong bleeding time. 
There have been a number of investigations resulting in con-
flicting opinions on the effect of ginger on hemostasis, specifi-
cally, platelet inhibition. Under in vitro conditions, ginger in-
hibits platelet aggregation by inhibiting thromboxane genera-
tion via the arachidonic acid (AA) pathway (75). Koo et al 
(2001)  studied this effect in comparison to Aspirin and ob-
served that it inhibited the AA-induced platelet release reac-
tion  in a similar dose range as Aspirin (75). However, this an-
tiplatelet effect was not reproducible in human studies. It is 
also reported to increase fibrinolytic activity (76).   Jiang et al 

(2005) studied the effect of  7 days of pretreatment with ginger 
on the anticoagulant effect of warfarin in healthy males and 
reported that ginger had no effect on the clotting status or on 
the pharmacokinetics or pharmacodynamics of warfarin (77). 
However, there are case reports about its interaction with anti-
coagulant and antiplatelet agents. There is a case report about 
a 76-year-old white European woman on long-term phenpro-
coumon therapy with an INR within the therapeutic range 
(78). She was admitted to the hospital because of epistaxis and 
an INR>10.  The patient had a history of severe mitral valve 
insufficiency, atrial fibrillation, hypertension, chronic heart 
failure, and osteoporosis. A detailed history revealed a regular 
ginger intake (pieces of dried ginger, tea from ginger powder) 
during several weeks before the bleeding incident occurred. 
The INR returned to the normal range after ginger was stopped 
and vitamin K was given. A similar case was reported by Le-
sho et al (2004) where the patient was on warfarin therapy and 
was consuming ginger (79). She came to the emergency de-
partment because of hematuria and gingival bleeding. After 
the patient stopped all ginger consumption, and the excessive 
anticoagulation was partially reversed with intravenous vita-
min K, INR values returned to normal. The authors suggest 
that the increased INR in the patient was due to an interaction 
between ginger and warfarin involving either the intestinal or 
hepatic P450 enzyme system. 

It was also demonstrated to potentiate the anti-platelet aggre-
gation effect of nifedipine in normal volunteers and hyperten-
sive patients (80). 

Shalansky et al (2007) carried out a longitudinal study in hu-
mans and observed that the use of complementary or altena-
tive medicine by patients receiving warfarin is common, and 
consumption of co-enzyme Q-10 or ginger appeared to in-
crease the risk of bleeding in this population (81). Thus, it 
would be wise not to use it concommitantly with anticoagu-
lant and antithrombotic agents such as warfarine, ticlopidin, 
aspirin and the like.

Ginger is known to possess hypolipidemic, antioxidant and  
hepatoprotective properties (82). Thus, a study was carried out 
in rats to investigate the combined effect of ginger extract (GE) 
and atorvastatin on lipid profile and on atorvastatin-induced 
hepatic injury (83). Ginger and atorvastatin were observed to 
have additive effects in lowering plasma cholesterol levels. 
Ginger also appeared to decrease the hepatotoxic effects of 
atorvastatin, and the authors suggest that the combination 
regimens containing ginger and low dose of statins could be 
advantageous in treating hypercholesterolemia.

Ginkgo (Ginkgo biloba)
Ginkgo (Ginkgo biloba leaves) is accepted as a vasodilator and 
an antiplatelet product and is used mainly for memory defi-
cits, for the treatment of dementia, vertigo, peripheral vascular 
diseases and tinnitus (3,9,10,12). It is considered to be a rela-
tively safe herbal drug, with few side effects.  However, the 
active chemicals in gingko (ginkgolide,  bilobalides etc) have 
antiplatelet activity and are platelet activating factor (PAF) an-
tagonists, thus there is a concern that it may increase bleeding 
time on long term use, especially during the postoperative pe-
riod (9,10,12,25,84-86). Thus, it is generally accepted that the 
concurrent use of Ginkgo biloba with anticoagulant drugs such 
as warfarin or antiplatelet agents like aspirin or other NSAI 
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drugs (rofexocib or ibuprofen) represents a serious health risk 
(3,8,9,10-12,17,21). There are some case reports about patients 
who had postopeative haemorrhage, spontaneous intracranial 
bleeding or hyphema due to ingeston of herbal medicines con-
taining Ginkgo biloba in addition to their conventional drug 
therapies (12,85). To give a few examples, spontaneous bleed-
ing from the iris into the interior chamber of the eye in a pa-
tient who was taking 325 mg of Aspirin per day has been re-
ported. Bleeding was linked to Ginkgo biloba intake of 80 mg 
per day for one week prior to the onset of symptoms (86). Pa-
rietal hemorrhage was reported in a 78 years old woman who 
had been on warfarin therapy for the last 5 years and who ex-
perienced  hemorrhage 2 months after she started taking Gink-
go biloba. There is another case report about persistent bleeding 
following total hip arthroplasty;  the patient happened to be 
self medicating with ginkgo and bleeding stopped 6 weeks af-
ter ginkgo intake was stopped (87). A case of post-laparoscopic 
cholecystectomy bleeding in a patient taking Ginkgo biloba was 
also reported (88).

Accordingly, it is recommended that people who are taking 
drugs that effect coagulation and/or platelet function or peo-
ple who will undergo surgery should not be using Ginkgo 
(9,21,86,89). 

However, recent reports on this subject do not seem to confirm 
that Ginkgo biloba increases bleeding time or augments the ef-
fect of anticoagulants or antiplatelet agents. Accordingly,  it 
has been demonstrated that Ginkgo biloba extract did not 
change the bleeding time when combined with ticlopidine 
(90). Moreover, Kim et al (2010)  studied the effect of a single 
80 mg dose of Ginkgo biloba on the antiplatelet effect of ticlopi-
din in Korean men and reported that Ginkgo biloba did not 
change the bleeding time (91). It was not found to be associat-
ed with additional antiplatelet effects compared with the ad-
ministration of ticlopidine alone, nor did it change the phar-
macokinetics of the antiplatelet drug.  In another study it was 
observed that coadministration of Ginkgo biloba either with 
cilostazol or clopidogrel did not enhance antiplatelet activity 
compared with individual agents, but Ginkgo biloba potentiat-
ed the bleeding time prolongation effect of cilostazol (92). Ac-
cording to Ryu et al (2009) the combined therapy with Ginkgo 
biloba and cilostazol showed enhanced anti-thrombotic effects 
in an in vivo pulmonary embolism model and arterial throm-
bosis model without having a significant effect on the bleeding 
time (93). They concluded that the additive interaction of these 
products may be beneficial in the clinical use. Jiang  et al (2006) 
reported that concommitent intake of Ginkgo biloba did not 
change the pharmacokinetics or pharmacodynamics of warfa-
rin (94). Wolf (2006) administered aspirin with various Ginkgo 
biloba extracts for 7 days and bleeding time, coagulation pa-
rameters and platelet activity in response to various agonists 
were determined (95). He concluded that co-administration of 
ASA and Ginkgo biloba extract does not constitute a safety risk, 
including an elderly patient population undergoing treatment 
with Ginkgo biloba extract.

After reviewing the literature some investigators have stated  
that ”available evidence does not demonstrate that extract of 
Ginkgo biloba causes significant changes in blood coagulation 
parameters” (9,13,96,97). 

There appears to be a dose related effect since review of the 
literature points to the fact that patients who consumed a daily 
dose of 120 mg or more appeared to have a higher incidence of 
prolonged bleeding, hyphema, subphrenic hematoma, and in-
tracranial hemorrhage (10). Besides, in the above studies 
where no interaction was observed (90-93), Ginkgo biloba was 
given as a single dose, whereas case reports state that the pa-
tients were consuming Ginkgo biloba for a long period of time. 
We believe that acute or chronic use of a product should be 
taken into consideration while evaluating its pharmacologic 
effects and its interaction with other drugs. 

In summary, it is evident that although there are contraversial 
reports about the interactions of Ginkgo biloba with antithrom-
botic and anticoagulant drugs, it will be prudent not to use it 
in patients who are being treated with anticoagulats or who 
will undergo surgery.

There are many studies investigating the effect of Ginkgo biloba 
on CYP enzymes and P-gp. Some of them indicate that chronic 
use of Ginkgo biloba may possibly inhibit P-gp or induce 
CYP2C19 and CYP3A4, thus changing the pharmacokinetics 
of concommitantly used drugs such as alprazolam and mida-
zolam or digoxin. However, reports on the effect of Ginkgo 
biloba on other CYP enzymes are contraversial; while some in-
vestigators stated that it does not have a significant effect on 
CYP enzymes, others state that it might have an inducing ef-
fect (13,98-107).

Yeung et al. (2009) have investigated the effect of ethanol ex-
tracts of Ginkgo biloba for its capability to induce CYP3A4, 3A5 
and ABCB1 (P-gp) gene expression via PXR signaling pathway 
using HepG2 cell based reporter gene assay (100). It was iden-
tified as an afficacious PXR agonist and it was also observed to 
induce CYP3A4 reporter gene. They recommend  that caution 
should be taken when it is used in combination with pre-
scribed drugs metabolized by CYP3A4 or are substrates for 
P-gp. Hellum and Nielsen (2008) studied the inhibitory effect 
of varios herbals on CYP3A4 and P-gp under in vitro condi-
tions in Caco-2 cells and observed that Ginkgo biloba had a 
strong inhibitory effect on P-gp (101). They observed  ed no 
correlation between the herbs inhibitory potentials towards 
CYP3A4 and P-glycoprotein activities. They also studied the 
induction capacity of some herbal drugs on CYP1A2, CYP2D6, 
CYP2C19, CYP2E1 and CYP3A4 metabolic activities in cul-
tured human hepatocytes and reported that Ginkgo biloba may 
exert opposite and biphasic effects on CYP1A2, CYP2C19, 
CYP2E1 and CYP2D6 metabolic activities. Induction of 
CYP1A2, CYP2C19, CYP2E1 and inhibition of CYP2D6 were 
found at low concentrations; the opposite was observed at 
high concentrations (64,102). They reported  that inducing ef-
fect of Ginkgo biloba was close to that of SJW. This observation 
might explain the contraversial results reported by different 
investigators. 

Repeated ingestion of Ginkgo biloba extract by healthy Chinese 
volunteers was reported to increase talinolol bioavailability 
significantly without significant changes in elimination half-
life and the time to Cmax (98). These findings suggest that long-
term use of Ginkgo biloba extract significantly influences ta-
linolol disposition in humans, most probably by affecting the 
activity of P-gp and/or other drug transporters.



15

Dülger, Marmara Pharm J 16: 9-22, 2012.

biloba is also known to interact with thiazide diuretics; there 
are case reports about patients who developed increased blood 
pressure while taking these two drugs concurrently (10). 

Ginkgo biloba may also interact wih the antidepressant trazo-
done, a serotonin antagonist and reuptake inhibitor, resulting 
in coma (111). When this patient was given an IV dose of 
flumazenil, a specific antagonist of benzadiazepine receptors, 
she awoke immediately. Since trazone did not act on benzodi-
azepine receptors, it was concluded that Ginkgo biloba was act-
ing on these receptors and investigation of the sedative effects 
of Ginkgo biloba was recommended.

Ginseng (Panax ginseng, Asian ginseng or Korean ginseng)  
Ginseng is reported to be the fifth most commanly used herbal 
drug in the USA. Active components of different Ginsengs are 
different and thus wide variations exists among ginseng prod-
ucts. Asian (or Korean) ginseng (roots of Panax ginseng) is gen-
erally standardized to ginsenosides (a group of compounds 
known as steroidal saponins) and is used for various indications 
including erectile dysfunction, prevention of cancer, to en-
hance physical function, and improve cognitive functions; it is 
advertised as an immune system stimulant. In Chinese medi-
cine it is also used for various cardiovascular diseases (7,14). 
Panax ginseng appears to be well tolerated, however caution is 
advised about concommitant use with warfarin, oral hy-
poglyceamic drugs, insulin and phenelzin (111).

Co-administration of ginseng with other drugs may cause 
drug interactions. It was reported that it did not appear to 
have any effect on CYP enzymes, except for CYP2D6, which 
it may inhibit in the elderly (13). Pharmacokinetic interaction 
of Panax ginseng with midazolam (CYP3A4), caffeine 
(CYP1A2), chloroxazone (CYP CYP2E1) and debrisoquine 
(CYP2D6) was studied in healthy young or elderly volun-
teers and no statistically significant interaction was observed, 
demonstrating that ginseng does not have a significant effect 
on drug metabolism (13). However, previous reports on gin-
seng-drug interactions have been controversial and confus-
ing. In a recent study carried out using HepG2 cells, it was 
observed that deglycosylated ginsenosides, some of which 
are putative ginsenoside metabolites, were more potent in-
ducers of CYP1A1, CYP1A2 and CYP3A4 than glycosylated 
ginsenosides (112). They concluded that ginsenoside metabo-
lites may partially account for ginseng-drug interactions. 
Since ginsenosides are deglycosilated by enterobacteria be-
fore they enter the circulation, differences in the composition 
of intestinal bacteria (present in different individuals and 
populations) and  the extent of deglycosylation of the ginse-
nosides could be a contributing factor to the inconsistencies 
observed in previous clinical and pre-clinical studies with re-
gard to ginseng-drug interactions.

Ginseng extracts was demonstrated to modulate multidrug re-
sistance efflux transporters in a number of cancer cell lines, but 
not in caco-2 cell model 811 (13).

A potential therapeutic use of Ginseng is to lower postprandi-
al blood glucose in both patients with type 2 diabetes mellitus 
and without diabetes, but this may result in unintended hy-
poglycemia (3,21).

Ginkgo biloba was demonstrated to increase the metabolism of 
the antiepileptic drugs valproic acid and phenytoin, both of 
which are substrates of CYP2C19. There is a case report about 
an epileptic patient who had been treated with valproic acid 
and phenytoin, and who died after fatal seizures (21). It ap-
peared that this was a result of herb-drug interaction since he 
happened to be taking herbal supplements including ginkgo 
and at autopsy, had subtherapeutic serum concentrations of 
these antiepileptics. Thus, it was recommended that patients 
taking antiepileptic drugs should be cautioned against using 
gingko preparations concommitently (9). Similar observations 
were reported for tolbutamide. The effect of chronic adminis-
tration of ginkgo biloba on the pharmacokinetics of tolbuta-
mide was investigated in rats (103), and also in healthy male 
volunteers (104). It was observed to attenuate the hypoglyc-
eamic effect of tolbutamide (probe for CYP2C9) by increasing 
its rate of metabolism and decreasing its plasma concentra-
tions.  On the other hand, it increased the area under the curve 
(AUC) for midazolam (a probe for CYP3A4) and decreased its 
oral clearence significantly (104). Diazepam  is also a substrate 
of CYP2C19, but Zuo et al (2010) reported that chronic admin-
istration of Ginkgo biloba (120 mg twice a day) to healthy volun-
teers for 28 days did not change the pharmacokinetics of di-
azepam, they did not observe any adverse effects due to the 
combined use (105).

Tang et al (2007) reported that Gingko biloba pretreatment in-
creases the CYP1A2 metabolic activity and  thus the clearance 
of theophylline in rats (106). Taki et al (2011) studied blood 
coagulation parameters and hepatic cytochrome P450 enzyme 
(CYPs) levels in mice after administration of Ginkgo biloba or 
various active components of Ginkgo biloba orally for 5 days 
and reported that Ginkgo biloba and ginkgolide B have no influ-
ence on blood coagulation in vivo, and that Ginkgo biloba at-
tenuates the anticoagulat action of warfarin via induction of 
hepatic CYPs by bilobalide (107). 

Oral coadministration of Ginkgo biloba was reported to de-
creases the bioavailability of cyclosporin significantly by de-
creasing its absorption (107). It is recommended that drugs 
that are P-gp substrates be monitored when co-administered 
with ginkgo, because some authors reported high between 
subject variability in bioavailability of digoxin, after 8 days of 
ginkgo ingestion (13).

In order to explain these contraversial reports, it was suggest-
ed that the inhibitory capacity of herbal products varied de-
pending on the concentrations of the model substrate and the 
herbal extract, as well as the identity of the model substrate, as 
demonstrated by the varied effects of CYP3A4 enzymatic ac-
tivity with different model substrates (109). 

Another interesting interaction of ginkgo is that with risperi-
done. A young man who was being treated with risperidon for 
schizophrenia started  taking Ginkgo biloba for tinnitus and ex-
perienced priapism. Risperidon has serotonergic, dopaminer-
gic and alpha-adrenergic antagonistic properties and it is 
mainly metabolized by CYP3A4 and CYP2D6 enzymes that 
are known to be inhibited by Ginkgo biloba. Authors attributed 
priapism to the increased plasma levels of risperidone due to 
the inhibition of its metabolism by Ginkgo biloba (110). Since 
both drugs have vasodilator effects, priapism may also have 
been the result of an additive or synergistic interaction. Ginkgo 
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Ginseng has been reported to interact with anticoagulant-anti-
thrombotic drugs (33). It has been demonstrated to inhibit 
platelet aggregation, however, decreased INR in a patient tak-
ing warfarin was reported. In another study American ginseng 
was reported to decrease the anticoagulant effect of warfarin 
(probably due to a pharmacokinetic interaction) (9).

A 47 year old man with a mechanical heart valve had been 
stabilized while receiving warfarin for 5 years, but became 
destabilized following administration of ginseng. INR values 
of the patient had decreased due to ginseng ingestion, but 
returned back to normal 2 weeks after discontinuation of gin-
seng therapy. Due to this property, it is recommended that 
concommitent use with warfarin, heparin or other anticoagu-
lants, as well as antiplatelet agents like aspirin and other 
NSAI drugs with ginseng should be avoided (12, 21, 25). 
However, interaction of warfarin with ginseng was studied 
by observing the prothrombin time and the INR in 25 newly 
diagnosed ischemic stroke patients who did not have a his-
tory of taking warfarin. They reported that ginseng did not 
change the warfarin effect (113). It is proposed that these con-
traversial reports on the possible interaction between warfa-
rin and ginseng may depend on the pharmacogenetic dispo-
sition of the patients (13).

A young man with chronic myelogenous leukemia was being 
treated with imatinib when he experienced hepatotoxicity. Pa-
tient’s only lifestyle modification prior to the diagnosis of 
hepatotoxicity was daily ingestion of Panax ginseng  via energy 
drinks for the past 3 months. After discontinuation of imatinib 
and the energy drink, he recovered. Imatinib is known to cause 
hepatotoxicity after a few years of use. In vivo, ginseng is 
known to inhibit CYP3A4, the primary enzyme involved in the 
metabolism of imatinib and in this case it is proposed that 
hepatotoxicity was due to the accumulation of imitanib be-
cause of inhibition of its metabolism by ginseng (114). 

It was also reported to decrease the effect of loop diuretics, 
antihypertansives, anxiolytics, alcohol, antidepressants, MAO 
inhibitors, mood stabilizers and antiestrogens (10). But still, 
available clinical data suggests that the potential for ginseng-
drug interactions is low. 

Ginseng has a structure similar to steroids and may have addi-
tive effects with estrogens and corticoids. Thus, it is recom-
mended that they should not be used together (4, 13, 21, 25).

In summary, it is claimed that ginseng does not have an im-
portant interaction with other drugs, except for the interaction 
with the antidepressant drug phenelzine; it was reported to 
have induced mania if taken concomitantly with phenelzine 
(9). Nevertheless, it is recommended to discontinue Ginseng 
use at least 7 days prior to surgery (10, 12) because it is re-
ported to have hypoglycaemic and antiplatelet properties, in-
hibits platelet activating factor and prolongs bleeding time, 
thus increasing the risk of bleeding disorders with drugs 
known to increase bleeding time (ie. anticoagulants, NSAIDs, 
platelet inhibitors) (9,10).

Echinaceae 
Three kinds of Echinaceae exists: E. Angustifolia, E. Pallida and E. 
Purpurea. Extracts of echinacea consists mainly of lipophilic con-
stituent alkamides with immunomodulatory properties (13).

It is one of the most widely used over-the-counter herbal med-
icines and Echinaceae species are used for the prophylaxis and  
treatment of viral, bacterial and fungal infections, especially 
those of the upper respiratory tract (10, 12, 13). It has also been 
recommended for treating abscesses, burns, eczema, skin 
wounds, varicose leg ulcers and some cancers (25). 

There are a number of studies which report that Echinaceae 
has only a weak inhibitory effect on CYP enzymes and trans-
port proteins. In an in vitro study in Caco-2 cells, it was demon-
strated  that the inhibitory effect of various Echinaceae extracts 
on CYP3A4 and P-gps showed large variability depending on 
the total alkamide content of the extract (101). Gorski et al 
(2004) studied the effect of Echinaceae on various CYP en-
zymes in healthy human volunteers using different probe 
drugs, namely caffein (CYP1A2), tolbutamide (CYP2C9), dex-
tromethorphan (CYP 2D6) and midazolam (CYP3A4), and ob-
served that it significantly reduces the clearence of only caffein 
(CYP1A2) and tolbutamide (CYP2C9). They also reported that 
there was a considerable between subject variability for this 
inhibitory effect on CYP enzymes (115). On the other hand, 
bioavailability of midazolam (CYP3A4) was observed to be in-
creased due to a slight inhibition of its presystemic elimina-
tion. They concluded that the type of drug interactions ob-
served between echinaceae and other CYP3A substrates will 
be dependent on the relative extraction of drugs at hepatic and 
intestinal sites, recommending to be cautious when echinacea 
is coadministered with drugs dependent on CYP3A or CYP1A2 
for their elimination.  In another study in healthy human vol-
unteers, echinaceae was reported to have a slight inhibitory 
effect only on CYP1A2 activity (caffein metabolism) (27), 
whereas in an in vitro study using total RNA isolated from the 
rat liver tissue, Echinaceae ethanolic extract was demonstrated 
to potently inhibit the expression of CYP3A1/2 and that it can 
also induce of CYP1A1, CYP2D1 (116).

In a recent study in human volunteers, lopinavir was adminis-
tered in combination with ritonavir and although Echinaceae 
was observed to induce CYP3A, it did not alter lopinavir con-
centrations, most likely due to the presence of the potent 
CYP3A inhibitor ritonavir (117, 118). In a study with Caco-2 
cells, Hansen and Nilsen (2009) observed  that Echinaceae had 
an in vitro inhibitory potential for CYP3A4 mediated metabo-
lism and P-gp efflux transport (119). In the same study echina-
cea was observed to decrease digoxin efflux in a dose depend-
ent manner and  the authors stated that although the effects of 
Echinaceae purpurea on systemic P-gp mediated drug trans-
port are probably limited, an influence on drug bioavailability 
can not be excluded. In fact in a previous human study, echi-
nacea was reported not to change digoxin bioavailability, indi-
cating that it does not have an effect on intestinal P-gps (13). 
However, it should be remembered that these different obser-
vations can be due to the different plant species and  the part 
of plant used, as well as to different dosages and duration of  
treatment (9, 13). In conclusion, studies in general state that 
Echinaceae does not have any significant effect on CYP en-
zymes and a weak cytochrome P450 inhibition is unlikely to be 
of clinical relevance (120, 121).

It should also be stated that literature reports on the potential 
of Echinaceae to interact with other drugs are unequivocal and 
comparisons between studies are difficult as the phytochemi-
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cal composition of the preparations examined is rarely as-
sessed.  It should also be remembered that since there are no 
industry standardization requirements, differences in the rela-
tive concentrations of individual alkylamides between prepa-
rations could alter the potential for interactions (122).

Echinaceae is accepted to have some immunostimulatory ef-
fects (10,12,123) and experts warn against the concomitant use 
of echinacea with immunosuppressive drugs, since there is the 
probability that it may diminish their effects. Therefore pa-
tients who may require perioperative immunosuppression, 
such as those awaiting organ transplanation,  as well as pa-
tients with autoimmun conditions or HIV infection should 
avoid using echinacea. 

In fact, long term use (longer than 8 weeks) of echinaceae is 
reported to result in immunosuppression and thus may cause 
post surgical complications such as delayed wound healing 
and opportunistic infections (10,12,17).

Echinaceae was also reported to have a hepatotoxic effect if 
used beyond 8 weeks and therefore should not be used with 
other known hepatoxic drugs, such as acetaminophen, ana-
bolic steroids, amiodarone, methotrexate, and ketoconazole. It 
should also be avoided by patients with preexisting liver dys-
function (10,12,21,25) 

Ephedra (Ma huang)
Ephedra is used to promote weight loss, increase energy and 
treat respiratory tract ailments such as asthma. Its commercial 
preparations are usually standardized to a fixed ephedrine 
content, one of its alkoloids. It is known to have sympathomi-
metic effects and thus causes dose-dependent increases in 
heart rate and blood pressure. Sympathomimetic effects of 
ephedra may cause various cardiovascular adverse effects in-
cluding fatal cardiac complications and central nervous sys-
tem complications. Thus, it has been reported that although 
ephedrine is used as a first-line therapy for intraoperative hy-
potension and bradicardia, the unsupervised preoperative use 
of it may cause certain concerns, like vasoconstriction and in 
some cases vasospasm of coronary and cerebral arteries, which 
may result in myocardial infarction and thrombotic stroke. 
Since halothane is known to sensitize the myocardium to ven-
tricular arrhythmias caused by exogenous catecholamines, pa-
tients who have consumed ephedra and later anesthetized 
with halothane may be at risk of developing intraoperative 
ventricular arrhythmias (12).

Longterm use of ephedra may result in tachyphylaxis from de-
pletion of endogenous catecholamines which may cause peri-
operative hemodynamic instability. These situations should be 
treated with sympathomimetics with a direct effect. In sum-
mary, it was suggested that patient using ephedra should dis-
continue use at least 24 hours prior to surgery (12). 

Ephedra should not be used with monoaminoxidase inhibi-
tors; this combination may cause life-threatining hyperpyrex-
ia, hypertension and coma.

Valerian (Valeriana oficinalis)
Valerian is used as a sedative, especially in the treatment of 
insomnia and it is reported that almost all herbal sleep aids 
contain valerian (12). It is also used widely in Turkey. Valerian 
causes a dose dependent sedation and this effect was reported 

to be mediated through modulation of GABA neurotransmis-
sion and receptor function, thus it should be expected to have 
additive effects with anesthetic drugs, sedative medication 
and adjuvants midazolam. This may be dangerous in the eld-
erly since it may increase the risk of falls. It was recommended 
that caution must be exerted in prescribing benzodiazepines 
and other sedatives to elderly people using valerian (86). A 
case of a patient self-medicated with Valeriana officinalis L. 
and Passiflora incarnata L. while he was on lorazepam treat-
ment was reported. Handshaking, dizziness, throbbing and 
muscular fatigue were observed within the 32 h and his medi-
cal history revealed a generalized anxiety disorder and me-
dicinal plant consumption but no neurological disorder. It was 
proposed that the active principles of Valerian and passion-
flower might have increase the inhibitory activity of benzodi-
azepines binding to the GABA receptors, causing severe sec-
ondary effects (124, 125). Although it has been claimed not to 
interact with alcohol, some do warn against its use with alco-
hol. Accordingly, it was suggested that the dose of valerian 
should be tapered under medical supervision during several 
weeks before surgery in order to avoid any unwanted interac-
tion with the anesthetics (126). Dalla Corte et al (2008) have 
reported that combined use of valerian and haloperidol might 
increase the risk of oxidative damage in the liver (127). How-
ever, acute withdrawal of valerian should be avoided since 
there is the danger of abstinence syndrome after long term use. 
Both animal and human studies suggest that valerian does not 
have a significant effect on CYP enzymes (128).

Cranberry (Vaccinium macrocarpon)
Cranberry is used to prevent urinary tract infections, and has 
some antibacterial and anticancer activities. Cranberry juice is 
also used as a laxative in Western countries. Cranberry juice is 
not marketed in Turkey, but dry fruit is consumed as a snack.  
There is an interesting case report about the interaction of war-
farin with cranberry juice (129). A patient who was on warfa-
rin therapy experienced an increase in INR on 2 different occa-
sions after consuming cranberry juice for a few days. Thus, we 
suggest that people who are treated with anticoagulants or 
who take antithrombotic agents should be aware that con-
sumption of large quantities of cranberry may result in an un-
wanted interaction, increasing the bleeding time.

CONCLUSION
It is evident from the data given above that due to a worldwide 
rise in the use of dietary supplements and/or herbal prepara-
tions, the incidence and severity of herb-drug interactions are 
increasing.  This poses a serious problem in the treatment of 
patients, and represents a serious and under-recognized haz-
ard in clinical care,  especaially for those using drugs with nar-
row therapeutic indices. More clinical data regarding herb-
drug pharmacokinetic and/or pharmacodynamic interactions 
are needed to make informed decisions regarding patient safe-
ty. However, we should be very careful when interpreting the 
literature data since the findings from in vitro studies or animal 
studies do not always correlate with the situation in the clinic, 
or minor effects observed in clinical studies do not have to be 
clinically relevant. Efficacy and safety of herbal products 
should be obtained by well designed clinical trials, pre-mar-
keting approval regarding safety and strict post-marketing 
surveillance (4). 
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Special care should be taken with certain patient groups such 
as those receiving cancer chemotherapy or antiretroviral ther-
apy, or patients that are treated for cardiovascular diseases 
(especially those using anticoagulant or antithrombotic drugs); 
they should be advised against using alternative therapy. In a 
recent study it has been reported that approximately 180 die-
tary supplements have the potential to interact with warfarin, 
and more than 120 may interact with aspirin, clopidogrel, and 
dipyridamole (33). 

A large number of herbal remedies (e.g. garlic, mistletoe, Es-
siac, Lingzhi, and astragalus) are used by cancer patients for 
treating the cancer and/or reducing the toxicities of chemo-
therapeutic drugs. Although some herbal medicines have 
shown potentially beneficial effects on cancer progression and 
may ameliorate chemotherapy-induced toxicities, it should be 
remembered that there is no or weak scientific basis for the 
clinical use of these herbal medicines in cancer management 
and almost none of these plant medicines have been tested in 
rigorous clinical trials (129,130). Further studies are warranted 
to investigate the efficacy and safety profiles of herbal medi-
cines commonly used by cancer patients (34, 51). It should be 
stressed that inductio n and/or inhibition of CYP enzymes 
and/or transport proteins is considered an important mecha-
nism for the interaction between anticancer drugs and herbal 
medicines, especially SJW (60). On the other hand, pharmaco-
dynamic interactions are reported to be an increased risk of 
CNS system related effects, hepatotoxicity and bleeding, 
among others. Clinicians who are treating cancer patients 
should be vigilant if the patient is also using alternative medi-
cine and if so, dose monitoring of pharmacological effects and 
plasma drug levels should be carried out to avoid toxicity and 
ensure adequate anticancer chemotherapy. Health care profes-
sionals should question their patients on their use of alterna-
tive therapy, especially those whose disease is not responding 

to treatments as expected, and urge patients to avoid herbs 
that could confound their cancer care. 

Presurgical patients are another important population that has 
to be warned against use of herbal medicines because morbidity 
and mortality associated with herbal medications may be more 
likely in the perioperative period because of the polypharmacy 
and physiological alterations that occur. Patients who will un-
dergo surgery should be advised to stop taking any altenative 
therapy (herbal or otherwise). In order to decrease the unwant-
ed reactions, queries regarding the use of herbal supplements 
and other over the counter medication should be the standart 
part of routine preoperative screening, in addition to questions 
regarding the use of conventional medications, tabacco, alcohol 
and drugs. This is very important, since many of the herbal 
products may prolong bleeding time and/or they may intearct 
with anticoagulant or antithrombotic drugs, as explained above. 
Thus patients are advised to stop using alternative therapy at 
least two weeks prior to surgery. 

Health care providers should be vigilant of potential herb-
drug interactions and adopt proper strategies to minimize 
them. It is also important that the clinicians, and medical doc-
tors in general, should be give an effective education about 
herbal drugs and other dietary supplements; and should be 
trained to ask the patients if they are using altenative medi-
cines or dietary supplements, and document their responses in 
the medical record which can help reduce the chance of un-
wanted serious interactions (3,10,18). Patients as well should 
be trained to tell their physicians about all of the products they 
are consuming besides their prescribed medicines. They 
should also be aware that, in general, potentially limited 
standardization and quality control, and somewhat circum-
scribed regulation, may result in variability in content, effica-
cy, and potential contamination of herbal remedies.

Bitkisel ilaçlar ve ilaç etkileşmeleri

Tek bir bitkiyi, ya da birbirinin etkisini tamamladığı düşünülen birkaç bitki karışımını içeren herhangi bir ürün Bitkisel 
ilaç olarak tanımlanmaktadır. Bitkisel ürünler doğal olmaları nedeni ile genelde zararsız kabul edilmektedirler, ancak 
bunların da ciddi yan etkileri olabilir veya diğer doğal ürünler ya da hastanın kullandığı diğer ilaçlarla etkileşebilirler. 
Bu etkileşmeler özellikle terapötik indeksi dar olan ilaçlar açısından önemlidir. 

Bu çalışmada literatür taraması yapılarak bazı sık kullanılan bitkisel ürünler (St John’s wort, ginkgo biloba, ginseng, 
ginger(zencefil), sarmısak, ekinase, efedra, ve valerian) ile konvansiyonel ilaçlar arasındaki farmakokinetik ve farma-
kodinamik etkileşmeler derlenmiştir. Farmakokinetik etkileşmelerin en sık görüleni sitokrom P450 enzimlerinin ve 
P-glikoproteinlerin bitkisel ürün tarafından indüksiyon veya inhibisyonundan kaynaklanan etkileşmelerdir. Bunların 
sonucunda konvansiyonel ilaçların emilimi ve/veya eliminasyon hızı değişeceği için etkinliğinde de değişme olacak-
tır. Örneğin, St. John’s wort CYP enzimlerini ve P-glikoproteinleri güçlü biçimde indüklediği için bu enzimlerin subs-
tratı olan birçok ilacın kan düzeylerini, dolayısı ile etkinliğini değiştirmektedir. 

Farmakodinamik etkileşmeler aditif veya sinerjist etkileşme şeklinde olabilir ve bunun sonucunda ilacın etkisi artar 
ya da toksisite görülebilir. Örneğin St John’s wort hastanın kullandığı diğer antidepresan ilaçların santral sinir siste-
mi etkinliğini artırıp serotonin sendromuna neden olabilir. Ginseng, ginkgo, sarımsak, zencefil gibi ürünlerin antikoa-
gülan veya antitrombatik ilaçların etkinliğini artırarak kanamalara neden olabildiği bildirilmiştir. 

Bazı hallerde de bitkisel ürün diğer ilaçlarla antagonist etki gösterebilir ve bu durumda onların etkinliğini azaltarak te-
davinin yetersiz kalmasına yol açabilir. Kısaca, bitkisel ürün kullanmaları halinde bunların kullandıkları diğer ilaçlarla 
etkileşebileceği ve tedavilerini olumsuz etkileyebileceği konusunda hastaların uyarılmaları gerekmektedir.

ANAHTAR KELİMELER: St John’s wort, sarmısak, ginkgo, zencefil, ginseng,
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