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Summary

Pregnane and Xenobiotic Receptor (PXR), a vital xenoses®as master regulator of phase-1 (cytochrome
P450) and phase-Il enzymes (glutathi®@teansferases, sulfotransferases, and uridine 5’-diphosphate
glucuronosyltransferases) as well as several drug transporters (multi-drug resistance protein, and multi-
drug resistance-associated protein). PXR can bind to a variety of chemically distinct endobiotics (steroids,
bile acids and their derivatives, vitamins, etc.) and xenobiotics (prescription drugs, herbal medicines,
endocrine disruptors, etc.). Activation of PXR by various compounds leads to trans-activation of PXR-
target genes involved in detoxification system (phase-I and phase-Il enzymedluateteins). Herbal
medicines are readily used without prescription under the belief that anything natural is safe. These medicines
contain active chemical constituents which execute distindigrelift or similar pharmacological response(s).

But, like prescription drugs, herbal drugs also have both therapeutic and, sometimes, aidvtsse ef
Some of the herbal drugs induce drug metabolizing enzymes (especially CYP3A4) anfiuk pgoéins
viaactivation of PXR. Phase-l enzyme CYP3A4 is involved in the metabolism of 50-60% of clinical drugs
as well as the chemical ingredients in herbal medicines. In addition to this, 25-30% of these compounds are
metabolized by the CYP2B isoenzymes. The combined metalfelitsabf phase-l and phase-Il enzymes

and drug transporters, following induction by therapeutic molecules, constitute the molecular basis for
many drug-herbal interactions. For example, if one drug activates PXR, it can encourage the elimination
of a co-administered drug that is also metabolized and eliminated by Pg&Rdane products, thereby
affecting the therapeuticfgfacy of the drug in the context of combination therdhe present review
highlights some of the recent clinical correlates in drug-herbal interactions mediated prirad@ R

and cytochrome P450.

Keywords: Drug-herbal interactions, Pregnane and Xenobiotic Receptor (PXR), cytochrome P450 (CYP450), druc
transporters.

1. Introduction plants, of which nearly 700 are commonly used (Agarwal
The history of herbal medicines is as old as huma#d Raju, 2006). According to an estimate by tieltiv
civilization. The documents, many of which are of gredt€alth Oganization (WHO), 70-80% of the world
antiquity, reveal that plants were used as medicines RePulation, especially in developing countries, relies on
China, India, Amazon Basin, Egypt and Greece, long pefdraditional medicines, mostly plant drugs, for thelr_prlmary
the beginning of the Christian era. India is very rich ijéalthcare needs (WHO, 2002; Agarwal and Raju, 2006).
natural resources and traditional knowledge. The useRgcent reports reveal that the worldwide market of herbal
plants as a source of herbal medicine has been an infggdicines is estimated to be around US $80 to 100 billion,
and vital aspect of Indis’healthcare system. The thre@nd it is projected to reach up to US $2,500 billion by the
Indian traditional systems of mediciney{Aveda, Siddha Y&ar 2010 (Mathur2003; Agarwal and Raju, 2006).
and Unani) have identified more than 1,500 medicinal
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Herbal ingredients are readily used by millions oft al, 1998), is the molecule in focus for this review article.
people without prescription under the belief that anythinbhe emphasis of the present review is first on the
natural is safe. Like allopathic (prescription) drugs, herbalodulation of PXR by active herbal compounds, and
medicines also have dé&@rent pharmacokinetic and second on the interaction of active herbal compounds with
pharmacodynamic properties which ultimately lead tprescription drugsvia PXR-modulated detoxification
produce therapeutic responses, but sometimes causechinery The drug-herbal interactions with the
adverse actions and/or drug-herbal interactions. Thevolvement of PXR-mediated regulation of phase-I
concurrent use of herbal medicines and conventionaizymes, phase-ll enzymes and dréigxeproteins (drug
(prescription) drugs by patients sering from diferent transporters) is the fundamental platform of the discussion.
diseases has progressively increased. Co-administration of
herbal medicines with conventional drugs increases the r{§§1 scri
of undesirable interactions between the two. Recedtly

PXR is a novel ligand-activated intracellular
ption factor belonging to the nuclear receptor super-

Johns i . forat herbal d family. PXR is structurally characterized by its four distinct
ohns wort Hypericum perforatum), a herbal drug domainsi.e., an amino-terminal transactivation domain, a

traditionally useql as a natural treatment for deprGSSi%ntral DNA-binding domain (DBD), the hinge region, and
represented a highlighted case that warranted its safg{%{arboxy-terminal ligand-binding domain (LBD). Unlike
evaluatlog (Bra2|e: _anﬁ Lbevllne,dZ_QOS). Many ,:)f :[[h ther nuclear receptor orthologs, PXR ortholog shares less
f:cimpo;m _?hptr;:sen md er 'at m% cines can pcl) gn 1&4Mino acid homology in the LBD, providing the possibility
interact wi e co-administered conventional Arugg, maryed variation in its activation profile across species.

causing elt_her serious S|defe<_tts or decreased PXR plays an important role in the transcriptional
pharmacological &ct of the conventional drugs of narrow

g . r?gulation of various genes involved in xenobiotic
therapeutic index. Although th_e consum_ptl_on of herbaetoxification (Synold et al., 2001; Maglich et al., 2002).
health supplements along with prescription drugs

: . . o ) P has been shown that about 40 genes are under PXR
increasing globa_ll,yadequate information is not avallablei)g ulation (Maglich et al., 2002). PXR acts as master
on the _mechanlsms and consequences of drug-her %ulatorofdetoxification defence machinemy., phase-
Interactions. | and phase-Il enzymes, as well as several drug transporters
Drug-herbal interactions can occur at th€Kliewer, 2003). After activation by endogenous or
pharmaceutical, pharmacodynamic or pharmacokineggogenous ligands, PXR heterodimerizes with tloes9-
(PK) levels (Beijnen and Schellens, 2004) but most of tmetinoic acid receptor (RXR), binds to the xenobiotic
interactions occur at PK level (Brazier and Levine, 2003¢sponse elements of thegargenes and modulates their
that involves changes in absorption, distributiorexpression, leading to detoxification and elimination of the
metabolism and excretion of the conventional drug, whictenobiotics. Other than its function as a vital xenosensor
in turn determine the bioavailability of the drug. Th&XR also plays a key role in the metabolism of endobiotics
metabolism of conventional drugs involves phase | enzym@teroids, bile acids and their derivatives, vitamins, etc.)
such as cytochrome P450 family (CYP) or phase dnd xenobiotics (synthetic drugs, herbal medicines,
enzymes, especially glutathioietransferases (GST), endocrine disruptors, etc.). Ligand-mediated transcriptional
sulfotransferases (SUIl). and uridine 5’-diphosphate activation of PXR is one of the principal mechanisms
glucuronosyltransferases (UGT). These drug metabolizingderlying the induction of drug metabolizing enzymes and
enzymes and drug transporters, especially multi-draigug transporters that ultimately leads to interactions of
resistance protein (MDR) and multi-drug resistanceo-administered drugs. Irrespective of its ligand-bound or
associated protein (MRP), are regulated by the nucldigand-free status, PXR is predominantly present in the
receptors (NR) such as Pregnane and Xenobiotic Receptoclear compartment and associates with condensed
(PXR), Constitutive Androstane Receptor (CAR), andhromosomes during all stages of mitosis (Saradhi et al.,
Vitamin D-binding Receptor (VDR) (Meijerman et al.,2005). In addition to the role of PXR in detoxification,
2006). Binding of a herbal constituent as ligand to any bfle homeostasis (Saini et al., 2005) and bone metabolism,
these receptors activates or inhibits their transcriptioniggd role in cancer is also becoming apparent. Therefore,
activity which would increase or decrease the metabolighXR appears to be an important and promiscuous
or transport of the co-administered conventional drug(s¢nosensor in human health and disease (Saradhi et al.,
and lead to decreased therapeutficay or increased 2006). After completing a decade, the research outcome
toxicity of the drugs. Of the three NRs, PXR, also knowof several new findings on PXR reveal the diverse role of
as the Steroid and Xenobiotic Receptor (SXR) (BlumbePXR in normal physiological control and patho-
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physiological situations. Additionallgther studies not only metabolic efects of CYP3A and CYP2B, upon their
expound the involvement of PXR in drug-drug/herbahduction by xenobiotic substrates such as compounds in
interactionsvia modulating detoxification defence herbal drugs, constitute a molecular basis for many drug-
machinery but also in designing safer therapeutic molecutesrbal interactions (Pichard et al., 1996). For example, if
(Staudinger et al., 2006; Pal and Mitra, 2006). one drug activates PXR, it can encourage the elimination
of other co-administered drugs that are also metabolized
and eliminated by PXR-tget gene products, thereby
The chemical constituents of herbs have theducing the therapeutic fafacy of many drugs in

potential to interact with various classes of drugs. Theggmbination therapy (Fig. 1). Some of the constituents of
interactions could be directly or indirectly mediated byerbal medicines implicated in drug-herbal interactions
induction or inhibition of enzymes involved in drugmediatedvia PXR are shown in Figure 2. Future studies

metabolism and drugféix proteins (Maglich et al., 2002; are expected to include more herbal constituents to this
Pal and Mitra, 2006). The primary mechanisms behindt.

drug-herbal interactions involve either induction o
inhibition of intestinal drug €iux pumps (eflux proteins
such as P-glycoprotein and MRPs) and intestinal and St. Johns wort Hypericum perforatum) is a
hepatic metabolism by CYPs (Evans, 2000; loanniddsrbal remedy widely used for the treatment of depression.
2002). PXR activation by various compounds modulatd$e crude extract of St. Josniort contains a complex
intestinal eflux proteins and intestinal and hepatic CYPsixture of several active chemical constituents such as
(especially CYP3A4) which results in altered drudpypericin, quercetin, isoquercitin, biflavonoids, hyperforin,
concentrations in plasma, therelmausing drug-drug naphthodanthrones, procyanidines, catechin tannins,
interactions (Lehmann et al., 1998; Evans, 20003hlorogenic acid, etc. The principal compound responsible
Therefore, herbs which have the potential to modulfiixef for antidepressant action of St. Jahwort is hyperforin,
proteins and CYP3A4 may cause drug-herbal interactiotiie response of which is mediated primavilyinhibition

and alter bioavailability of therapeutic drugs (Fughef synaptic reuptake of neurotransmitters (serotonin, nor-
Berman, 2000; Fugh-Berman and Ernst, 2001; Izzo aedinephrine and dopamine) (Moore et al., 2000).

Ernst, 2001). Any inhibitory &fct of herbs on @ux St. Johrs wort is an dicacious activator of PXR
proteins and CYP3A4 may resultin elevated level ofplasrma\ cell-based reporter assays (Moore et al., 2000:

and tissue concentration of co-administered I:)rescript'%‘entworth et al., 2000) and its activation induces hepatic

_drug t_hat would lead to toxicityon the other hand, the_ drug metabolism (Moore et al., 2000). PXR activation leads
inductive efect may cause decrease in drug concentrati[ up-regulation of CYP3A4 expression and an increase
that would lead to decrease in therapeutiicafy and

. : in metabolism of CYP3A4 substrates (e.g., cyclosporin).
failure of treatment (Staudinger et al., 2001). The@[. Johnrs wort has been shown to alter the expression and

drug-herbal interactions and detoxification occur mainly, - i o P-glycoprotein in animal and human subjects

in the 'rltefsml[ﬁ aEd Il\;(%r S'mUI]fageOl:i'yﬂ'riiﬂy PIXR IIresulting in decreased concentrations of drugs in plasma
accounts for the breakdown ot about hall oTthe clinica .g., digoxin) (Durr et al., 2000; Fugh-Berman and Ernst,

used drugs by the activation of the main transcription 01). St. Johs' wort is responsible for a number of

2. Molecular basis of drug-herbal interactions

5. St. Johns wort — Drug interactions

several therapies, such as in transplantation, AIDS,
cancey etc. It has also been shown that St. Jghmort

However other drug metabolizing enzymes aneénhances the metabolism of a variety of prescription drugs.
drug transporters that are shown to be under transcriptioiakese include oral contraceptives, cyclosporine, digoxin,
control of PXR include CYP2B6 (Goodwin et al., 2001)warfarin, indinavir and theophylline (Johne et al., 1999;
CYP2C8, CYP2C9 (Synold et al., 2001), CYP3A4ebel et al., 1999; Breidenbach et al., 2000; Durr et al.,
(Lehmann et al., 1998), SULUGT 1A1, GSTMDR1 2000; Karliova et al., 2000; Mai et al., 2000; Piscitelli et
(Geick et al., 2001) and MRP2 (Kast et al., 2002). Thad., 2000; Ruschitzka et al., 2000; Hennessy et al., 2002;
enzyme CYP3A4 is involved in the metabolism oBrazier and Levine, 2003). Several reports disclose around
50-60 % of clinical drugs as well as compounds in herb®0-85 drug-herbal interaction cases with St. Jolort,
medicines. In addition to this, 25-30 % of these compoundswhich 54 cases were with the drug cyclosporine. Other
are metabolized by the CYP2B isoenzymes. The combingdig categories interacting with St. Jahwaiort are oral
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Fig. 1. Drug-herbal interactions mediateth PXR. PXR, upon activation by herbal drugs, heterodimerizes with RXR and
subsequently binds to specific response elements, which ultimately leads to transcriptional regulation of the gene
involved in metabolism and eliminatiofia components of phase- |, phase- Il and phase- Ill. Binding of herbal drugs
to PXR and induction of detoxification machinery promotes metabolism and elimination of co-administered prescription
(allopathic) drugs, which are the substrates for the metabolizing enzymes. Rapid clearance of prescription drugs resu
in reduced therapeuticfigflacy of drugs used to treat fiifent diseases. CYP450, Cytochrome P450;, GBitathione
Stransferase; UGTUridine 5'-diphosphate glucuronosyltransferase; $Usulfotransferases; MDR, Multi-drug

resistance protein; MRRulti-drug resistance-associated protein.

contraceptives (12 cases), antidepressants (09 caseghcturally modified drugs that do not bind and activate
warfarin (07 cases) and one case each with theophyllie(R will be safer anti-depressants since unfavourable drug
phenprocoumon and loperamide (Kast et al., 2002). jAteractions can be prevented during co-administration of
recent study identified 37 cases of interactions for St. Sohgther drugs.

wort with digoxin (13 cases), clopidogrel (06 cases), . .

indinavir (08 cases), irinotecan (05 cases), antipsychoti 'SMUkUI myrth — Drug interactions
(03 cases), tacrolimus (01 case) and with an anesthetic Mukul myrth (Commiphora mukul) is an

(01 case) (Gokhil and Patel, 2007). Induction of dru@yurvedic medicine used to treat hyperlipidemia (Beg et
metabolizing enzymes by St. Jahwort lowers the plasma al., 1996). The stereocisomdfsandZ-guggulsterone are
concentration of co-administered prescription drughe active constituents of gugulipid that diminish hepatic
Similarly, prolonged intake of herbal supplement (inducecholesterol levels (Singh et al., 1990; Urizar et al., 2002).
may result in sub-therapeutic concentrations of cd+e therapeutic &fct of guggulsterone is believed to be
administered drug (Pal and Mitra, 2006). All these repontsediated through the antagonism of the nuclear receptor
indicate that St. Johstwvort is somewhat a risky propositionFarnesoid X Receptor (FXR) (Urizar et al., 2002).

when combined with drugs in the catego_ries mentioned Recentlyby using promoter-reporter assays it was
above. Most of t_hese drugs are metabol!zed by_phasgﬁlown that guggulsterone activates PXR. More ,over
enzymes, especially CYP3A, and these interactions Etft‘:?gulipid and guggulsterone treatments stimulate CYP3A4

mediated by Fhe involvement of PXR. St J(s_hmlort _gene expression through PXR in hepatocytes. Although
compounds bind to PXR, and strengthen the mteractlaﬂS herbal drug produces desirable therapeugctsin

between PXR and the steroid receptorco-activator1(8?%-“ disorders, it may cause adverse drug-herbal

1) (Wentworth et al., 2000). The findings suggest th teractions on combination therapy through activation of
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Fig. 2. Chemical structure of some of the active constituents of herbal medicines responsible for PXR-mediated drug-herbz
interactions. This figure includes such active constituents as hyperforin (in St Jdaint), guggulsterone (in Mukul
myrth), dihydromethysticin and desmethoxyyangonin (in Kava kava), forsknli@oleus forskohlii); hypoxoside
(an inactive constituent idypoxis sp, which is converted intactive metaboliteooperol in the gut), L-canvanine (in
Sutherlandia sp), artemisinin(in Qing hao), schisandrin A, schisandrin B and schisandrol B/ginvei zi), Paclitaxel,

also called taxol (in Pacific yew), and cafestol (infeey.

PXR. Protein interaction assays show that guggulsteromevide variety of disorders including insomnia, stress,
activates PXR by recruiting the co-activator SRC-1 (Brobegstlessness, muscle fatigue, gonorrhoea and vaginitis. The
etal., 2004). The results of a well-controlled human studyerapeutically important compounds in Kava kava are a
revealed that gugulipid interacts with prescription druggroup of structurally related lactones, collectively termed
such as diltiazem and propranolol and reduces their pdavalactones. Thefelcts of kavalactones are believed to
plasma concentrations (Dalvi et al., 1994). Studies halve mediated by-aminobutyric acid (GABA) receptors in
shown that guggulsterones not only activate FXR and PXRe central nervous system (CNS) (Jussofie et al., 1994).
but also modulate the activity of multiple nuclear receptors) addition to their déct on the CNS, kavalactones have
including CAR, glucocorticoid receptoprogesterone been shown to modulate the activities of hepatic CYP
receptormineralocorticoid receptaandrogen receptor andenzymes. The activities of CYP1A2, CYP2C9, CYP2C19,
estrogen receptor (Dalvi et al., 1994; Burris et al., 2006YP2D6 and CYP3A4 are inhibited by kavalactones
Ding and Staudinge2005a). through a competitive mechanism (Mathews et al., 2002).
Kavalactones, desmethoxyyangonin and
dihydromethysticin, activate PXR in reporter gene assays

Kava kavaiper methysticum) is a herbal remedy but with lesser ditacy as compared to the classical PXR
widely used as an anti-anxiety drug. It is also used to treat

5. Kava kava — Drug interactions
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agonist rifampicin. These two kavalactones are responsibl®/ therapy but the molecular mechanisms underlying their
for the induction of CYP3A23 gene expression mediateéderapeutic décts are not yet known. An important
via PXR activation. Kava kava exerts dudéefs on CYP biologically active compound ii. hemerocallidea,
enzyme: (i) competitive inhibition, and (ii) induction ofhypoxoside, is responsible for the medicinal property
CYP3A gene expression. Both these kava lactorfestaf which readily converts to aglycone rooperol in the human
the therapeutic &acy of co-administered drugs such agut (Albrecht et al., 1995). The principal constituents of
levodopa, hydrochlorthiazide, promethazine, fluspirilen arffi frutescensinclude L-canavanine, GABA and D-pinitol.
biperiden (Ma et al., 2004). All these reports suggest tHatcanavanine is responsible for the anti-virf¢efs.

Kava kava would &ct the metabolism of co-administrated

) o Recentin vitro experiments indicate that crude
drugs in a manner similar to St. Jahwort.

extracts of both the herbs inhibit CYP3A4 activity and
6. Coleusforskohlii — Drug interactions P-glycoprotein expression while activate PXR. The findings
suggest that co-administration of these herbal drugs with
gther drugs results in inhibition of drug metabolism and
ansport during short term therapiowever prolonged

The extract of plan€Coleus forskohlii has been
used as anyAirvedic medicine to treat various disorder

including hypothyroidism, hypertension, congestive heg - : A
failure, eczema, respiratory disorders and convulsio erapy results in induction of the same detoxification

(Ammon and Muller1985). It is also known to be used agnachineryThis observation is exemplified with an anti-

- - o e o etroviral agent (Mills et al., 2005b). It remains to be
an anti-obesity agent, in view of its ‘fat burning’ propert . . . ’ :
yag g prop ){jetermlned if the active herbal compounds in the extracts

The two diterpene compounds forskolin and 1, "~ . : :
9-dideoxyforskolin are the active constituents ogffectlng CYP3A4 and PXR are tifent from those having

C. forskohlii. Forskolin has both cAMP-dependent anif1érapeutic activities and, if so, the compounds with

cAMP-independent activities. Forskolin is widely used é%otentlal therapeutic activities could be purified to treat

a biochemical tool to activate adenyl cyclase and incre%%tl'f;;jr andd Pa)\(/g'q tu nwa?ted sideets caused by

intracellular concentration of CAMP with subsequen an intervention.

activation of protein kinase A (PKA) signal transductio®. Qing hao — Drug interactions

pathway (Seamon et al., 1981). It was shown that both

forskolin and 1, 9 dideoxyforskolin (non-adenylcyclasF;n .
o ) ) edici

activating analog) induce CYP3A gene expression

primary cultures of rodent hepatocytes (Sidhu an

Omiecinski, 1996). Recent studies reveal that both th

Qing hao Artemisia annua) is a Chinese herbal
ne used in treatment of malaria. The therapeutically
tive compound it contains is artemisinin (or ginghaosu).
rtemisinin and some of its active synthetic derivatives
. : ftemetherarteether and artesunate), collectively called
compounds are potent PXR activators (Ding an

. . : temisinin drugs, are used worldwide afectve and
S_taudln_gerzoo, Dowless et al., 2005), which V\./Qrk by opular anti-malarial drugs because the malarial parasite
displacing the co-repressor N-CoR and recruiting cﬁ

: : , as not yet developed resistance against these drugs (van
activators such as SRC-1. Forskolin, 1, 9-d|deoxyforskolj&|gtmae?/ et al 19p99) But. then gllopathic drugsg C(()_
andC. forskohlil extract prodgce P)_(R-r_nedlated mdl.JCt'orbdministered with artemisinin drugs will result in lowered
of CYP3A. In addition to this, activation of PKA signal

ducti h ) PXR-mediated bi lasma concentration and decreased therapetita®f
transduction pathway potentiates -mediated Xenobiohe,, o allopathic drugs due to induction of detoxification

response as well as ir_1teraction between PXR and k_no IZ‘:\chinery (Hassan Alin et al., 1996; Ashton et al., 1998).
(F:)?QZC“V;‘;[;));F? rqtelnI? n celrl\-basecrj\ assays. Ir_1terfest|n is inference is based on the fact that artemisinin activates
an signalling pathways have a sgisic efect oy p 4ng caRin reporter gene assays and also known to

on the induction of CYP3A gene expressio_n in primarﬁl\duce CYP2B6, CYP3A4 and MDR1 gene expressions
mouse hepatocyte cultures (Ding and StaudirRf€I5b). in primary human hepatocytes and the human intestinal

Consumptlon (.)C' forskohlii _extract is not advised with cellline LS174T (Burk et al., 2005). These findings reveal
antl-hypertenswes and gntl-coa}gulants due to the hi t artemisinin has a higher risk of potential drug-herbal
potential for drug-herbal interactions. interactions/iainduction of CYP3A4 and MDR1 through

7. Hypoxis- and Sutherlandia— Drug interactions activation of PXR and CAR.

Hypoxis hemerocallidea and Sutherlandia 9. Wu wei zi — Drug interactions
frutescensare African herbal and traditional remedies used
for HIV treatment (Mills et al., 2005a). Both the herbs ar8hines
recommended by the South African Ministry of Health for

Wu wei zi &chisandra chinensis), a traditional
e medicine, means ‘five-flavor fruit’ in Chinese since
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it has all the five basic flavors: salgweet, soypungent Earlier reports have shown that paclitaxel is d@ctiive
(spicy) and bitterlt has been already reported thatt Winducer of CYP3A expression in primary cultures of rat
wei zi extracts and the active chemical constituentand human hepatocytes (Kostrubsky et al., 1997, 1998).
including schisandrin A, schisandrin B and schisandr&lurthermore, investigations employing cell-based reporter
B are potent PXR agonists in reporter gene assays. dtsays have shown that paclitaxel strongly activates human
hepato-protective &dcts are clinically documented andPXR (Synold et al., 2001; Nallani et al., 2004). Mammalian
used for treatment of many ailments such as infectiorngjo-hybrid assays revealed that paclitaxel-bound PXR
cough and thirst. The therapeutically active hepatoecruits nuclear receptor co-activators and displaces co-
protective and immuno-modulating constituents are thepressors. The Northern blot analysis in this study showed
lignans, schisandrin, deoxyschisandrin, gomisins atldat paclitaxel induces the expression of CYP2CS8,
pregomisin. In addition to PXR activation, thes€YP3A4 and MDRL1 in hepatocytes (Synold et al., 2001).
constituents dicaciously induce the PXR et genes These results were confirmadvivo by employing PXR-
CYP3A4 and CYP2C9 in primary cultures of humamull mice (Nallani et al., 2003). In view of these findings,
hepatocytes and promatevivo drug metabolism (Mu et the herbal drug paclitaxel could be a suspect in drug-herbal
al., 2006). It has also been shown thatWwki zi increases interactions.
the metabolism of co-administered dr_ug warfr_;lrin inrals ~afestol—
Although the herb has hepato-protective propértyay
cause drug-herbal interactions due to induction of Coffee beanCoffea arabica) is a herbal remedy
detoxification system. widely used as CNS stimulant and as an anti-diuretic agent.
It contains several active chemical constituents such as
caffeine, cafestol, kahweol, etc. Cafestol, a diterpene, is
Gan cao Glycyrrhiza uralensis) is another the mostpotent cholesterol-elevating compound ifeeof
traditional Chinese medicine that has anti-inflammatotyeans and may also act as an anti-carcinogen. Cafestol is
and hepato-protectivefetts. It activates PXR (Mu et al., abundantly present in unfiltered fad brews as compared
2006) but it remains to be determined if it would induce espresso cfie. It is already known that PXR can also
PXR taget genes. Like Wwei zi, Gan cao also promotesinhibit CYP7AL expression (Staudinger et al., 2001), and
in vivo drug metabolism and increases metabolism &f activated by a variety of xenobiotics, and thus protects
warfarin in rats. The activation of PXR by this herb mathe liver from toxic compounds (Goodwin et al., 2003). It
also provide beneficial fefcts because of hepato-protectivas also known that certain bile acids can inhibit CYP7AL
action. One study has shown that PXR activation promotgpression independently of small heterodimer partner
bilirubin detoxification in mice (Synold et al., 2001). TheséSHP)via PXR (Kerr et al., 2002; ¥hg et al., 2002;
studies highlight the dual nature of PXR activation: i) th8aradhi et al., 2006). In this background, cafestol has been
promotion of drug metabolism, leading to potential drughown to regulate metabolic and detoxification genes in
interactions and therapeutic failure, and ii) activation afice. It activates mouse and human PXR as well as FXR
detoxifying systems to protect our bodies from toxic insults1 the reporter-based transactivation assagfestol
enhances interaction of PXR with nuclear receptor
coactivator SRC-1 and induces CYP3A4 promoter activity
Paclitaxel (&xol), a member of the taxane familyvia PXR but to a lesser extent than its known ligand,
of anti-microtubule agents, is isolated from the bark of thampicin (Ricketts et al., 2007). Cafestol also induces
Pacific yew Taxus brevifolia) and widely used in the the activity of several GST enzymes (Lam et al., 1982,
treatment of several types of cancer such as ovarian, bra@g7) and, therefore, is a potential suspect for drug-herbal
and lung carcinomas. Paclitaxel is metabolically inactivat@gteractions.
by the hepatic cytochrome P450 enzymes CYP3A4 an
CYP2C8. Both these enzymes hydroxylate paclitax%
thereby abolishing the anti-mitotic properties of the drug. -Carotene belongs to the group of carotenoids
In addition, paclitaxel is excreted from the intestiree®- and exhibits pro-vitamin A activityts major sources are
glycoprotein elux pump protein encoded by the genagreen, yellow orange and red vegetablesmniatoes,
MDR1 (Synold et al., 2001). Gene-geting studies have spinach, carrots, apricot, grapefruit, cherry and papaya
demonstrated that P-glycoprotein is responsible fare rich iB-caroteneB-Carotene is endogenously present
excretion of 85% of the orally administered paclitaxehs several isomers: all tran$—3"-carotene the major

Drug interactions

10. Gan cao (Licorice) — Drug interactions

11. Paclitaxel — Drug interactions

?;. B-Carotene — drug interactions
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-carotene isomefollowed by 15¢is, 13cis- and 9eis-  possible interactions with prescription medications. A
isomers (Stahl et al., 1992). Earlier studies adoptirmpmprehensive approach and understanding will help
reporter cell assay havevealed thaf3-carotene is an combating undesired clinical complications.
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