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Abstract
AIM: To review and summarize drug metabolism and its 
related interactions in prescribing drugs within the similar 
therapeutic or structural class for gastrointestinal disease 
treatment so as to promote rational use of medicines in 
clinical practice.

METHODS: Relevant l iterature was identif ied by 
performing MEDLINE/Pubmed searches covering the 
period from 1988 to 2006.

RESULTS: Seven classes of drugs were chosen, including 
gastric proton pump inhibitors, histamine H2-receptor 
antagonists, benzamide-type gastroprokinetic agents, 
selective 5-HT3 receptor antagonists, fluoroquinolones, 
macrolide antibiotics and azole antifungals. They showed 
significant differences in metabolic profile (i.e., the 
fraction of drug metabolized by cytochrome P450 (CYP), 
CYP reaction phenotype, impact of CYP genotype on 
interindividual pharmacokinetics variability and CYP-
mediated drug-drug interaction potential). Many events of 
severe adverse drug reactions and treatment failures were 
closely related to the ignorance of the above issues.

CONCLUSION: Clinicians should acquaint themselves 
with what kind of drug has less interpatient variability in 
clearance and whether to perform CYP genotyping prior 
to initiation of therapy. The relevant CYP knowledge 

helps clinicians to enhance the management of patients 
with gastrointestinal disease who may require treatment 
with polytherapeutic regimens.
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INTRODUCTION
More and more drugs within the similar therapeutic or 
structural class are emerging and it is essential to compare 
the alternative drug choices according to their efficacy, 
safety, suitability and cost. However, irrational prescription 
is common in many countries. Drug metabolism and its 
related interactions are most prone to be ignored in clinical 
practice. Actually, metabolism by cytochrome P450 (CYP) 
represents an important clearance mechanism for the 
majority of  drugs, thus affecting their oral bioavailability, 
duration and intensity of  pharmacological action[1]. The 
metabolic profile of  a drug depicts its amount metabolized 
by CYP, CYP reaction phenotype, impact of  CYP genotype 
on interindividual pharmacokinetics (PK) variability 
and CYP-mediated drug-drug interaction potential. 
It is closely related to the three-dimensional chemical 
structure of  drug and may exhibit significant differences 
among drugs within the similar therapeutic or structural 
class, although the efficacy of  these similar drugs do not 
show sharp differences at the dose used clinically[2,3]. The 
voluntary market withdrawal of  cerivastatin by Bayer and 
withdrawal of  medications such as terfenadine, astemizole, 
cisapride, and mibefradil from the market by the Food 
and Drug Administration (FDA) further demonstrate 
the relevance of  metabolic drug-drug interaction 
profile. Although the FDA has published guidance for 
in vitro and in vivo drug metabolism/drug interaction  
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studies in the drug development process[4,5], systematic 
summary is not yet available on metabolic differences in 
market products within the similar therapeutic or structural 
class. This review focuses on seven classes of  drugs 
for gastrointestinal diseases treatment and aims to help 
clinicians realize what kind of  drug has less interpatient 
variability in clearance, whether to perform CYP genotyping 
prior to the initiation of  therapy, and how to enhance the 
management of  patients on polytherapy regimens.

MATERIALS AND METHODS
Seven classes of  drugs for gastrointestinal diseases 
treatment were chosen, including gastric proton pump 
inhibitors, histamine H2-receptor antagonists, benzamide-
type gastroprokinetic agents, selective 5-HT3 receptor 
antagonists, fluoroquinolones, macrolide antibiotics 
and azole antifungals. Relevant literature, focusing on 
drug metabolism, metabolic interaction potentials and 
clinical events of  adverse drug reactions and treatment 
failures caused by drug-drug interaction, was identified by 
performing MEDLINE/Pubmed searches covering the 
period from 1988 to 2006.

RESULTS
Gastric proton pump inhibitors
Proton pump inhibitors (or "PPI"s) are a group of  drugs 
widely prescribed for the treatment of  acid-related diseases 
such as peptic ulcer, gastroesophageal reflux disease 
(GERD), nonsteroidal anti-inflammatory drug induced 
gastropathy and Zollinger-Ellison syndrome. Currently 
used PPIs in clinical practice are as follows: omeprazole, 
lansoprazole, pantoprazole, rabeprazole and esomeprazole. 
All are benzimidazole derivatives (Figure 1). Schematic 
depiction of  metabolic differences among four PPIs is 
described in Figure 2.

Lansoprazole, omeprazole and pantoprazole are all 
primarily metabolized by CYP2C19, an isoenzyme that 
exhibits genetic polymorphism with 15%-20% of  Asian 
populations being poor⁄slow metabolizers, whereas the 
prevalence is much lower (3%-5%) among Caucasians and 
Blacks[6]. Their PK behaviors are all dependent on CYP2C19 
genotype. AUCpo(PM)/AUCpo(EM), the ratio of  parent drug 
area-under-the concentration vs time curve after oral dosing 
(AUCpo) derived from poor metabolizers (PM) and extensive 
metabolizers (EM), is 7.4, 3.7 and 6.0 for omeprazole, 
lansoprazole and pantoprazole, respectively[7]. CYP2C19 
polymorphism is also a major predictor of  treatment 
failures in patients receiving lansoprazole-, omeprazole- or 
pantoprazole based polytherapy for eradication of  H pylori[8].

Omeprazole has also been known as a potent inhibitor 
of  CYP2C19, and may cause pharmacokinetic interactions 
with other CYP2C19 substrates such as diazepam, phenytoin 
and moclobemide[9-11]. Both lansoprazole and omeprazole 
also induce CYP1A2 in vitro[12]. Omeprazole can reduce 
clozapine plasma concentrations by 40%[13]. However, 
concomitant intake of  omeprazole or lansoprazole at high 
therapeutic doses does not affect the PK behavior of  
theophylline and caffeine[14,15]. The underlying explanation 
of  the discrepancy may be that inducibility of  CYP1A2 by 

omeprazole in vivo is related to the genetic polymorphism 
of  CYP1A2, dose and course of  treatment[16-18]. Potential 
interactions between omeprazole or lansoprazole and 
CYP1A2 substrates with narrow therapeutic windows 
should be kept in mind in long-term concurrent therapy. 
Among these three old PPIs, pantoprazole has by far the 
lowest potential for interactions[19].

Rabeprazole, although metabolized partially by 
CYP2C19, is primarily metabolized by nonenzymatic 
reduction and hence genotype and modifiers of  CYP2C19 
have less impacts on its PK (AUCpo(PM)/AUCpo(EM) ≤ 1.8) 
and clinical efficacy[20].

Esomeprazole is the S-enantiomer of  omeprazole. 
Its metabolism involves CYP2C19, but to a lesser extent 
than omeprazole (Figure 3). Its PK is less dependent on 
CYP2C19 genotype (AUCpo(PM)/AUCpo(EM) approximate 3.0) 
and hence, it has less interpatient variability in clearance 
than omeprazole. Moreover, esomeprazole is cleared more 
slowly in vivo and has an improved oral bioavailability, 
leading to the greater inhibition of  gastric acid secretion 
compared to omeprazole[21,22].

The enantiomers of  pantoprazole are differentially 
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Figure 1  Chemical structures of five PPIs.
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affected by CYP2C19 genotype, such that the AUCpo(PM)/
AUCpo(EM) ratio is 11 and 2.5 for the R-(+)- and S-(−)-
enantiomers, respectively[23]. Comparative clinical trial of  
S-(−)-pantoprazole vs racemic pantoprazole in the treat-
ment of  GERD has been carried out by Pai et al[24]. S-(−)-
pantoprazole (20 mg) was found to be more effective than 
racemic pantoprazole (40 mg) in improving symptoms. 
Consequently, the use of  S-(−)-pantoprazole offers both 
pharmacokinetic and pharmacodynamic advantages.

Many recent cost-effectiveness analyses have provided 
an economic basis to employ CYP2C19 genotyping prior 
to initiating omeprazole-, lansoprazole- or pantoprazole-
based polytherapy. However, pharmacogenetic tests may 
be unnecessary if  rabeprazole or esomeprazole based 
therapy are considered.

Histamine H2-receptor antagonists
Histamine H2-receptor antagonists are clinically applied for 
the treatment of  gastritis, gastric and duodenal ulcers[25]. 
Six H2-receptor antagonists are currently on the market: 
cimetidine, ranitidine, famotidine, nizatidine, ebrotidine 
and roxatidine acetate. Their chemical structures are 
depicted in Figure 4.

Martinez et al[26] compared the inhibitory effect of  
the H2-receptor antagonists on the enzymes activities in 
human liver microsomes. The results were as follows: 
CYP1A2: cimetidine > ranitidine = ebrotidine; CYP2D6: 
cimetidine > ranitidine = ebrotidine; CYP3A4: ebrotidine 
> cimetidine > ranitidine. However, it should be cautiously 
considered when these in vitro data were extrapolated to  
in vivo situations. Firstly, cimetidine only selectively inhibits 
in vivo activities of  CYP3A4 and CYP2D6[27]. For example, 
coadministered cimetidine increased the degree of  beta-
blockade of  timolol (CYP2D6 substrate) ophthalmic 
solution and the maximum plasma concentrations of  
CYP3A4 substrates (e.g., midazolam and saquinavir) and 
disopyramide (CYP3A4 and CYP2D6 substrate)[26,28-30]. 
Coadministration of  cimetidine 400 mg twice a day with 
saquinavir soft gel 1200 mg twice a day resulted in a 
significant increase in saquinavir AUC0-24 (120%) and Cmax 
(179%). From this view, coadministered cimetidine may 
be employed as a new pharmacoenhancer for boosting 
saquinavir for HIV infections. Beneficial effects of  the 
inhibitory activity of  cimetidine toward CYP are also 
used for the prevention of  hepatotoxicity induced by 
overdoses with paracetamol, a substrate of  several CYP 
isoenzymes which activate the drug by oxidation to the 
hepatotoxic metabolite N-acetyl-p-benzoquinone imine. 

Secondly, inhibition of  CYP1A2 activity in humans by 
cimetidine has not been observed with clinical significance. 
In concurrent therapy of  warfarin, disposition of  the 
less potent R-warfarin (CYP1A2 substrate) was impaired. 
However, this interaction is likely to be of  minimal clinical 
significance in most patients[31]. The interaction between 
cimetidine and theophylline was reported inconsistently. 
Degree of  inhibition (absolute change in theophylline 
clearance) was closely related to route of  administration, 
dosage, the basal theophylline clearance and smoking 
history[32-35]. Significant pharmacokinetic interaction 
between cimetidine and theophylline was not observed 
with low-dose cimetidine (200 mg twice daily), but with 
800 mg cimetidine given once daily. Smokers or individuals 
with higher basal theophylline clearances had greater 
degree and percent of  inhibition than non-smokers or 
individuals with lower basal theophylline clearances. It 
suggests that disposition of  CYP1A2 substrates may still 
be impaired in smokers or other individuals with high 
CYP1A2 activities when coadministered with cimetidine. 
Thirdly, ebrotidine has no inhibitory effect on CYP3A4  
in vivo, which is confirmed by lack of  metabolic interaction 
with midazolam[26]. Overall, in contrast to cimetidine, the 
effects of  the other H2-receptor antagonists on CYP in vivo 
seem to have little clinical significance.

Benzamide-type gastroprokinetic agents
Benzamide-type gastroprokinetic agents (e.g., metoclo-
pramide, cisapride, mosapride, itopride, renzapride and 
domperidone) are the mainstay of  therapy in disorders of  
gastric motility such as non-ulcer dyspepsia (NUD), GERD, 
gastritis, diabetic gastroparesis and functional dyspepsia. 
Their chemical structures are depicted in Figure 5.

Among these gastroprokinetic agents, metoclopramide 
is predominantly metabolized by CYP2D6, thus its 
elimination being slow in PMs of  CYP2D6 or in patients 
taking inhibitors of  this isoform. Metoclopramide-
induced acute dystonic reactions were more frequently 
observed in patients carrying homozygous CYP2D6 
polymorphisms[36]. Meanwhile, it is also a potent inhibitor 
of  CYP2D6 at therapeutically relevant concentrations and 
markedly inhibits in vitro codeine bioactivation[37,38]. Human 
pharmacokinetic interactions between metoclopramide 
and CYP2D6 substrates have not yet been documented.
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Cisapride, mosapride and domperidone, are al l 
predominantly metabolized by CYP3A4. Their dispositions 
could be strongly impaired by CYP3A4 inhibitors, causing 
greatly elevated plasma concentrations of  parent drugs[39-41]. 
Among these prokinetic agents, only interactions of  
cisapride and CYP3A4 inhibitors induce severe clinical 
adverse events like QT interval prolongation and/or 
torsades de pointe, which is responsible for the withdrawal 
of  cisapride by FDA. However, cisapride is still on the 
market in some countries following restriction imposed 
on its usage. The most important step that can be taken to 
minimize the risk of  cisapride-associated arrhythmias is to 
avoid the concomitant administration of  contraindicated 
drugs, particularly the macrolide antibiotics (e.g., ery-
thromycin, clarithromycin) and the azole antifungals, (e.g., 
itraconazole and ketoconazole).

Itopride is primarily metabolized by flavin-containing 
monooxygenase and its PK is unlikely influenced by CYP3A4 
inhibitors[39]. Norcisapride is a major active meta-bolite of  
cisapride via CYP3A4-mediated N-dealkylation. It possesses 
approximately 15% of  the prokinetic activity of  cisapride, 
but has no apparent effect on myocardial conduction[42]. 
Compared with cisapride, norcisapride elimination does not 
depend on CYP, and so norcisapride does not interact with 
azoles or macrolides. Janssen Pharmaceutica has licensed 
Sepracor's patent on (+) -norcisapride, and its clinical trials 
are undergoing. This new compound along with mosapride, 
domperidone and itopride are potentially safer alternatives 
to cisapride in the concurrent therapy of  gastroprokinetic 
agents with potent CYP3A4 inhibitors.

Renzapride is not metabolized by CYP. It is excreted via 

the renal route primarily unchanged. Thus, its disposition 
is unsusceptible to CYP modulators and it does not 
interfere with CYP-mediated metabolism of  other drugs[43]. 
It is currently in clinical development for constipation-
predominant irritable bowel syndrome. 

Selective 5-HT3 receptor antagonists 
The selective 5-HT3-receptor antagonists or "setrons", 
including ondansetron, dolasetron, tropisetron, granisetron, 
alosetron, azasetron, palonosetron and ramosetron (Figure 6)  
represent a class of  antiemetics that are currently used for 
chemotherapy- and radiotherapy-induced, or postoperative 
nausea and vomiting. However, these setrons have different 
metabolic profiles.

Ondansetron is cleared by multiple CYP forms in 
humans, with no single CYP form dominating the overall 
metabolism. Therefore, its PK lacks bimodality and seems 
unchanged when ondansetron is used concomitantly with 
specific CYP isoenzyme inhibitors[44].

Dolasetron is rapidly reduced by carbonyl reductase 
to its major active metabolite hydrodolasetron, which is 
eliminated by multiple routes, including renal excretion 
and metabolism mainly by glucuronidation and hydroxy-
lation[45]. Hence, dolasetron appears to be insusceptible to 
clinically significant metabolic interactions posed by drugs 
commonly used in chemotherapy or surgery.

Tropisetron metabolism is almost exclusively CYP2D6-
dependent and the metabolites are not pharmacologically 
active, thus the efficacy of  antiemetic treatment with 
tropisetron largely depends on CYP2D6 genotype. The 
dose of  tropisetron has to be patient-tailored according to 
CYP2D6 genotype[46,47].

Granisetron is unique because it is not metabolized via 

N
CH3

O

N

CH3

N

N
CH3

O

NH

H
N CH3

H

H

N
CH3

O

N
N NH

CH3

N
CH3

O
N

N
H

O

N

H

N

H

O

O

N
CH3

O NH3

N

Ondansetron

Granisetron

Alosetron

Ramosetron Palnosetron

Azasetron

Dolasetron

N
CH3

O

O

N CH3

N
H

O

O

N

H

O

Tropisetron

Figure 6  Chemical structures of eight setrons.

H2N

Cl

CONHCH2CH2N

OCH3

CH2CH3

CH2CH3

H2N

Cl

CONH

OCH3

(CH2)3O

OCH3

N
F

H2N

Cl

CONHCH2

OCH2CH3

CH2
O

N
F

CONHCH2 OCH2CH2N

CH3O

CH3O
CH3

CH3

H2N

Cl

CONH

OCH3 OCH3

NH

H2N

Cl

CONH

OCH3

N

Cl
NH

N O

N

N

HN

O

Metoclopramide

Cisapride

Mosapride

Itopride

Norcisapride

Renzapride

Domperidone

Figure 5  Chemical structures of seven benzamide-type gastroprokinetic agents.

Zhou Q et al . Metabolism of drugs for gastrointestinal diseases                                                                          5621

www.wjgnet.com



CYP2D6. Instead, it is metabolized via CYP3A4, which 
is not subject to significant genetic polymorphism and 
variation in patient response. Moreover, carriers of  the 
duplication of  the CYP2D6 allele predicting ultrarapid 
metabolizer status had less frequent vomiting episodes 
in subjects receiving granisetron than patients receiving 
tropisetron. Use of  granisetron would obviate the need 
for CYP2D6 genotyping and may lead to improved 
prophylaxis of  postoperative nausea and vomiting[48-50].

Alosetron is extensively metabolized in humans.  
In vivo data suggest that CYP1A2 plays a prominent role 
in alosetron metabolism[51,52]. In a pharmacokinetic study, 
40 healthy female subjects received fluvoxamine (a known 
strong inhibitor of  CYP1A2) in escalating doses from 
50 to 200 mg per day for 16 d, with coadministration of  
alosetron 1 mg on the last day. Fluvoxamine increased 
mean alosetron AUC by approximately 6-fold and 
prolonged the half-life by approximately 3-fold. Thus, 
concomitant administration of  alosetron and strong 
inhibitor of  CYP1A2 is contraindicated. Otherwise, dose-
related side effects of  alosetron such as constipation may 
occur more frequently[53].

Azasetron is mainly excreted in urine as the unmeta-

bolized form (approximately 60%-70%), which is different 
from the fact that other setrons undergo extensive 
metabolism[54]. In vitro data suggest that azasetron does not 
cause clinically significant CYP-mediated drug interactions.

Palonosetron is metabolized in the liver (approximately 
50%). The two primary metabolites, N-oxide-palonosetron 
and 6-(S)-hydroxy-palonosetron, are essentially inactive. 
CYP2D6 is the major enzyme of  palonosetron metabolism. 
Clinical pharmacokinetic parameters were not significantly 
different between PMs and EMs of  CYP2D6[55-57]. As for 
ramosetron, in vitro data with human liver microsomes 
showed its minimal potential to cause clinically important 
CYP-mediated drug interactions[58].

Fluoroquinolones
Fluoroquinolones are good choices in treatment of  intesti-
nal infections caused by sensitive bacterias. Meanwhile, 
fluoroquinolones-based polytherapy regimens are also used 
for H pylori infection in some occasions, especially after 
treatment failure in initial H pylori eradication[59-63].

The chemical structures of  nine fluoroquinolones are 
listed in Figure 7. They have different CYP-mediated 
interaction potentials. Enoxacin, ciprofloxacin, norfloxacin 
and to a lesser extent pefloxacin all have inhibitory effects 
on metabolism of  CYP1A2 substrates such as warfarin, 
tacrine, clozapine, tizanidine and theophylline. Ofloxacin, 
levofloxacin, sparfloxacin, lomexacin, gatif loxacin, 
sparfloxacin, lomefloxacin and moxifloxacin, are less 
prone to inhibit CYP1A2 and thus are alternative 
fluoroquinolones to patients receiving concurrent therapy 
of  CYP1A2 substrate with narrow therapeutic window.

Moreover, ciprofloxacin and norfloxacin significantly 
depressed CYP3A4 in human microsomes[64]. Many case 
reports indicated their inhibitory effects on CYP3A4 in 
humans[65-69]. Clinicians should be wary of  coadministration 
of  norfloxacin or ciprofloxacin with CYP3A4 substrates 
with narrow therapeutic window. Table 1 lists the meta-
bolic drug interactions related to fluoroquinolones with 
clinical relevance.

Macrolide antibiotics
Macrolide antibiotics are usually included in polytherapy 
regimen for treatment of  H pylori gastritis[76-80]. In addition, 
erythromycin, clarithromycin and azithromycin all exhibit 
prokinetic effects and may be used in the management of  
gastroparesis[81-84]. For example, erythromycin therapy is 
effective in the treatment of  patients with gastroparesis, in 
whom metoclopramide or domperidone was ineffective.

Macrolides can be classified into 3 groups based on 
the propensity of  these compounds to interfere with 
CYP3A4 [85-87]. The first group (e.g., troleandomycin, 
erythromycin and clarithromycin) are potent mechanism-
based CYP3A4 inhibitors. Because mechanism based 
inhibition is an irreversible inhibition where a covalent 
bond is formed between a metabolite and the active site of  
the enzyme, destroying the enzyme's activity, so the first 
group of  macrolides could produce drug interactions with 
clinical relevance. The second group (e.g., flurithromycin, 
midecamycin, josamycin and roxithromycin) form complexes 
to a lesser extent and rarely produce drug interactions. The 
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last group (e.g., azithromycin, dirithromycin and spiramycin) 
does not inhibit CYP3A4 and are unable to modify the PK 
behaviors of  other compounds.

Metz et al[88] reported a potentially significant phar-
macokinetic drug interaction between clarithromycin and 
carbamazepine in two patients with long-standing epilepsy 
who received omeprazole-clarithromycin therapy for H 
pylori gastritis. In both cases, clarithromycin therapy was 
temporally related to an increase in serum carbamazepine 
levels, which returned to the therapeutic range following 
cessat ion of  c lar i thromycin therapy. If  possible, 
erythromycin and clarithromycin should be avoided in 
patients taking CYP3A4 substrates such as atorvastatin, 
simvastatin, rifabutin, midazolam, cyclosporin, cisapride, 
pimozide, disopyramide, astemizole, nifedipine and 
carbamazepine. Azithromycin may be an alternative[89-92]. 
If  clinical judgment suggests erythromycin and clari-
thromycin should be used, it is necessary to adjust dosage 
of  CYP3A4 substrates with narrow therapeutic window 
(e.g., decrease the dosage of  carbamazepine by 30%-50%), 
monitor the serum drug levels closely, and warn the patient 
about the signs and symptoms of  toxicity.

Moreover, both erythromycin and clarithromycin are 
also potent inhibitors of  P-glycoprotein and can signi-
ficantly interfere with the PK behaviors of  P-glycoprotein 
substrate such as digoxin. For example, a case of  a 
clarithromycin-associated digoxin toxicity in a patient 
with chronic atrial fibrillation and H pylori infection was 
reported by Gooderham et al[93].

Azole antifungals 
Azole antifungals (i.e., ketoconazole, itraconazole, 
fluconazole and voriconazole) may be used in treatment 

for fungus infections in digestive tracts. Their chemical 
structures are illustrated in Figure 8.

Ketoconazole is extensively metabolized into several 
inactive metabolites in the liver and the metabolites 
primarily excreted in bile[94]. Itraconazole is metabolized 
predominately by CYP3A4. Renal excretion of  the parent 
drug is less than 0.03% of  the dose[95]. Fluconazole is 
mainly excreted in urine as the unmetabolized form 
(approximately 80%). Accordingly, renal function is the 
major determinant of  fluconazole PK[96]. The concurrent 
therapy of  CYP3A4 inducers (e.g., rifampin and rifabutin) 
with itraconazole or ketoconazole results in poor 
antifungal response, thus their coadministrations are not 
recommended. However, fluconazole PK is less affected 
by CYP3A4 inducers[97], so fluconazole may be as an 
alternative for patients receiving comedicated CYP3A4 
inducers.

Voriconazole is extensively metabolized by CYP2C19, 
CYP2C9 and CYP3A4. The major metabol i te of  
voriconazole is the N-oxide, which has negligible antifungal 
activity. Inducers or inhibitors of  these isoenzymes may 
increase or decrease voriconazole plasma concentra-
tions. Coadministration of  voriconazole with rifampicin, 
carbamazepine and phenobarbital is contraindicated. 
Allelic polymorphisms of  CYP2C19 have been shown 
to be the most important determinants of  the clearance 
of  voriconazole, resulting in two phenotypes: PMs and 
EMs (both homozygous and heterozygous). Homozygous 
EMs have a two-fold lower exposure than heterozygous 
EMs and four-fold lower drug exposure than PMs[98-100]. 
Coadministration of  a potent CYP3A4 inhibitor leads 
to a higher and prolonged exposure with voriconazole 
that might increase the risk of  ADRs on a short-term 

Table 1  Metabolic drug interactions of fluoroquinolones with clinical relevance

Polytherapy regimen Clinical consequence Ref

Ciprofloxacin
+ tizanidine

Oral ciprofloxacin (500 mg twice daily for 3 d) increased AUC (0-infinity) of tizanidine by 10-fold and Cmax by 7-fold and 
dangerously potentiates its hypotensive and sedative effects, mainly by inhibiting CYP1A2. Care should be exercised when 
tizanidine is used concomitantly with ciprofloxacin.

70

Ciprofloxacin
+ clozapine

Ciprofloxacin (250 mg twice daily for 7 d) can moderately increase serum concentrations of clozapine and N-desmethylclozapine 
in patients with schizophrenia. A probable mechanism of interaction is an inhibition of CYP1A2 by ciprofloxacin.

71

Ciprofloxacin
+ theophylline

The interaction between oral ciprofloxacin (500 mg twice daily for 60 h) and theophylline can be clinically significant. Inter-
individual variability in the magnitude of interaction can be attributed to inter-individual differences in the level of CYP1A2 
expression.

72

Ciprofloxacin
+ olanzapine

Ciprofloxacin treatment (250 mg twice daily for 3 d) doubled olanzapine concentrations in one patient through the inhibition 
of CYP1A2. 

73

Ciprofloxacin
+ sildenafil

Ciprofloxacin significantly increased sildenafil bioavailability (above 2-fold) in healthy volunteers, mainly by CYP3A4 
inhibition. Dose adjustment of sildenafil is thus necessary.

65

Ciprofloxacin
+ methadone

Ciprofloxacin inhibited metabolism of methadone via CYP1A2 and CYP3A4, and caused profound sedation, confusion, and 
respiratory depression

66

Ciprofloxacin
+ cyclosporine

Ciprofloxacin and cyclosporine may be used together safely at the recommended dosage. However, case reports have 
suggested a possible pharmacokinetic interaction, e.g., ciprofloxacin substantially increased cyclosporine blood levels in a 
patient with pure red blood cell aplasia. However, levofloxacin therapy (500 mg/d Ⅳ) did not interfere with cyclosporine 
blood levels and thus it could be a therapeutic alternative.

     67, 68

Enoxacin
+ fluvoxamine

Enoxacin (200 mg/d for 11 d) significantly increased the plasma concentrations at 2, 3 h and the Cmax of fluvoxamine in 
healthy volunteers. Sleepiness produced by fluvoxamine increased when coadministered with enoxacin. 

74

Enoxacin
+ theophylline

A multidose regimen of enoxacin significantly slowed the clearance of theophylline and elevated theophylline 
concentrations in serum. The careful monitoring of serum theophylline level and modification of theophylline dosage in 
patients receiving enoxacin and theophylline were recommended.

75

Norfloxacin
+ cyclosporine

In pediatric patients undergoing renal transplantation norfloxacin impaired cyclosporine disposition by inhibition of 
CYP3A4, resulting in cyclosporine dose reduction from 7.4 mg/kg per day to 4.5 mg/kg per day. 

69

Zhou Q et al . Metabolism of drugs for gastrointestinal diseases                                                                          5623

www.wjgnet.com



simultaneously with voriconazole, pharmacotherapy 
monitoring and dosage adjustment for these drugs should 
be implemented accordingly.

DISCUSSION
The relationship between chemical structure and metabolic 
profile has been describled in the above summary on seven 
classes of  drugs for gastrointestinal diseases treatment. 
The underlying molecular mechanism of  interactions 
between drug and metabolizing enzymes is complex and it 
determines whether the drug is a substrate or inhibitor of  
the specific enzyme and how far it influences the enzyme 
activity. 

Comparative molecular field analysis (CoMFA) 
modelling can reveal the key molecular characteristics of  
CYP inhibitors. For example, both electrostatic and steric 
interactions were found to account for the differences in 
the potencies of  drugs to inhibit CYP2B6. The differences 
in inhibitory effects of  H2-receptor antagonists on CYP 
enzymes may be attributed to the different ability of  
substituent to bind to the heme iron in CYP[105]. Cimetidine 
carries both the imidazole and the cyano groups which 
strongly bind to the heme iron and are responsible 
for its prominent interaction potential. In comparison 
to cimetidine, ranitidine has the following structural 
characteristics: (1) the imidazole ring is substituted with a 
furane ring, and (2) the side chain cyano group is substituted 
with a nitro group. Famotidine, nizatidine and ebrotidine 
all possess a thiazole nucleus instead of  the imidazole 
ring, and the cyano-group in the side chain is substituted 
by aminosulfonyl- or nitro group. The affinity of  binding 
with CYP isoenzymes is in the following order: imidazole 
ring (cimetidine), furane ring (ranitidine), thiazole ring 
(famotidine, nizatidine and ebrotidine). Roxatidine carries 
no imidazole group in its chemical structure, so it also has a 
weak inhibitory effect on CYPs.

The relationship between chemical structure of  
fluoroquinolone and its interaction magnitude has been 
determined[106, 107]. Molecular modeling studies showed 
that it is possible to explain the potency of  the quinolones 
to inhibit CYP1A2 on a molecular level. The keto group, 
the carboxylate group, and the core nitrogen at position 
1 are likely to be the most important groups for binding 
to the active site of  CYP1A2, because of  the molecular 
electrostatic potential in these regions. Fluoroquinolones 
carrying an alkylated piperazinyl moiety at the position 7 
(e.g., ofloxacin, levofloxacin, sparfloxacin, lomexacin and 
gatifloxacin) or a bulky substituent at the position 8 (e.g., 
sparfloxacin, lomefloxacin, gatifloxacin and moxifloxacin), 
are less prone to inhibit CYP1A2 than those without 
corresponding substituents.

The type of  CYP metabolism and degree to which an 
azole antifungal is metabolized are governed by a number 
of  factors including the physiochemical properties of  the 
drug (lipophilicity) and its PK characteristics. Because 
ketoconazole and itraconazole are highly lipophilic, their 
clearance is heavily dependent upon CYP-mediated 
metabolism[108]. Fluconazole, on the other hand, is 
relatively less lipophilic and requires less CYP-mediated 

basis, particularly in CYP2C19 PM patients[101]. Thus, it 
is necessary to implement CYP2C19 genotyping prior 
to initiation of  voriconazole therapy or therapeutic drug 
monitoring in the course of  treatment.

Ketoconazole and itraconazole are potent inhibitors 
of  CYP3A4. Coadministration with CYP3A4 substrates 
can cause clinically significant drug interactions, some of  
which can be life-threatening. Cisapride, oral midazolam, 
pimozide, quinidine, triazolam, levacetylmethadol, statins 
metabolized by CYP3A4 (i.e., lovastatin, simvastatin and 
atorvastatin), ergot alkaloids metabolized by CYP3A4 
(i.e., dihydroergotamine, ergometrine, ergotamine and 
methylergometrine) are contraindicated with ketoconazole 
and itraconazole.

The potency of  fluconazole as a CYP3A4 inhibitor is 
much lower and thus its clinical interactions with CYP3A4 
substrates are of  less magnitude. Doses of  less than 200 
mg/d are not associated with significant CYP3A4-mediated 
interactions. So fluconazole (≤ 200 mg/d) is a relatively 
safe alternative azole antifungal when coadministered with 
statins metabolised by CYP3A4[102]. However, it is a potent 
inhibitor of  CYP2C9. Coadministration of  fluconazole 
with CYP2C9 substrates such as phenytoin, warfarin, 
fluvastatin and losartan leads to clinically significant drug 
interactions, whereas concurrent therapy of  itraconazole 
or ketoconazole has minimal effect on PK of  CYP2C9 
substrates[103,104].

Voriconazole inhibits the activities of  CYP2C19, 
CYP2C9 and CYP3A4. Thus, there is a potential for 
voriconazole to increase the plasma levels of  substances 
metabolized by these CYPs. Coadministrat ion of  
voriconazole with CYP3A4 substrates (e.g., terfenadine, 
astemizole, cisapride, quinidine and sirolimus) is contrain-
dicated. When initiating voriconazole in patients already 
receiving cyclosporine or tacrolimus, it is recommended 
that the maintenance dosage of  two immunosuppressive 
agents should be adjusted and that their level be carefully 
monitored. If  patients receiving CYP2C9 substrates 
(e.g., warfarin, phenytoin or sulphonylureas) are treated 
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metabolism at low dosages (< 200 mg/day). Ketoconazole 
carries an imidazole ring, whereas itraconazole, fluconazole 
and voriconazole contain triazole rings. The four azole 
antifungals are strongly binding to hepatic microsome 
CYP enzymes in a Type Ⅱ manner (i.e., involving the 
direct ligation of  an azole nitrogen with the iron atom of  
the haem group in the CYP enzyme), which resulted in 
the broad-spectrum inhibition of  multiple CYP isoforms, 
although the relative potencies towards the various 
isoforms vary from drug to drug[109].

Generally, if  some type of  CYP isoenzyme is the 
most important determinants of  the clearance of  a drug, 
metabolic drug interactions can be anticipated when the 
drug is coadministered with inducers or inhibitors of  this 
isoenzyme. If  this drug has a relative narrow therapeutic 
window, drug-drug interaction may be of  clinical relevance. 
Morever, obvious inter-individual clinical outcome may be 
observed in patients if  a CYP isoenzyme (the determinant 
of  the clearance of  a drug) exhibts polymorphism. Under 
all these situations in clinical practice, clinicians and 
pharmcists should show abilities in medication therapy 
management. Careful observations are needed in using 
new drugs in view of  few clinical experiences.

In conclusions, the metabolic profile includes the 
fraction of  drug metabolized by CYP, CYP reaction 
phenotype, impact of  CYP genotype on interindividual 
PK variability and CYP-mediated drug-drug interaction 
potential. Significant differences may be observed with 
the metabolic profiles of  medications for gastrointestinal 
disease treatment even if  they belong to the same 
therapeutic or structural class. Many events of  severe 
ADRs and treatment failures were closely related to the 
ignorance of  this respect. Clinicians should acquaint 
themselves with what kind of  drug has less interpatient 
variability in clearance and whether to perform CYP 
genotyping prior to initiation of  therapy. The relevant 
CYP knowledge also helps cl inicians enhance the 
management of  patients on polytherapy regimens, i.e., 
better anticipate or avoid a drug interaction, choose an 
alternative agent with lower interaction potential, and 
perform pharmacotherapy monitoring (e.g., monitoring 
clinical symptoms and alterations in laboratory values) and 
dosage adjustment accordingly when concurrent therapy 
can not be avoided.

 CONMENTS
Background
Metabolism by cytochrome P450 (CYP) represents an important clearance 
mechanism for the majority of drugs, thus affecting their oral bioavailability, 
duration and intensity of pharmacological action. The metabolic profile of a drug 
depicts its amount metabolized by CYP, the CYP reaction phenotype, impact of the 
CYP genotype on interindividual pharmacokinetics variability and CYP-mediated 
drug-drug interaction potential. It is closely related to the three-dimensional 
chemical structure of drug and may exhibit significant differences among drugs 
within the similar therapeutic or structural class, although the efficacy of these 
similar drugs do not show sharp differences at the dose used clinically. Many 
events of severe adverse drug reactions and treatment failures are attributed to 
the ignorance of above issues. In order to promote rational drug use in clinical 
practice, it is essential to let clinicians know what kind of drug has less interpatient 
variability in clearance, whether to perform CYP genotyping prior to therapy and 
how to enhance the management of patients on polytherapy regimens from the 
perspective of drug metabolism.

Research frontiers
Food and Drug Administration (FDA) published guidance for in vitro and in vivo 
drug metabolism/drug interaction studies in the drug development process in 
1999. Withdrawals of medications such as terfenadine, astemizole, cisapride, and 
mibefradil from the market by FDA demonstrate the relevance of metabolic drug-
drug interaction profile. Some scientists tried to describe the three-dimensional 
quantitative structure activity relationships (QSARs) within substrates, inducers 
and inhibitors of CYP in recent years. There are also sporadic reports on metabolic 
differences in market products within the similar structural class.

Innovations and breakthroughs
This article is the first systematic summary on metabolic differences in market 
drug products within the similar therapeutic or structural class for gastrointestinal 
disease treatment.

Applications 
The significance of this article is: (1) it helps doctors realize what kind of drug for 
gastrointestinal disease treatment has less interpatient variability in clearance and 
whether to perform CYP genotyping prior to therapy; (2) help doctors enhance 
management of patients on polytherapy regimens. Doctors will learn to better 
anticipate or avoid a drug interaction, choose an alternative agent with lower 
interaction potential, perform pharmacotherapy monitoring and adjust dosage 
accordingly when concurrent therapy cannot be avoided; and (3) help doctors 
attach equal importance to medicines for other disease treatment, and finally 
promote rational drug use in clinical practice.

Terminology
Drug metabolism: the process by which the drug is chemically converted in the 
body to a metabolite, usually through specialized enzymatic systems. Its rate is an 
important determinant of the duration and intensity of the pharmacological action 
of drugs. Cytochrome P450: the most important element of oxidative metabolism 
of a large number of endogenous compounds (e.g., steroids) and xenobiotics (e.g., 
drugs). CYP is the standard abbreviation for mammalian cytochrome P450. CYP 
reaction phenotype: the relative contribution of the CYP isoforms to the metabolic 
pathways. CYP genotyping: the process of determining the CYP genotype of 
an individual by molecular biology techniques. It can be used to prospectively 
identify individuals at risk for adverse drug reactions or therapeutic failure due 
to altered drug metabolism. AUCpo(PM)/AUCpo(EM): the ratio of parent drug area-
under-the concentration vs. time curve after oral dosing (AUCpo) derived from poor 
metabolizers (PM) and extensive metabolizers (EM).

Peer reviews
The review by Zhou et al summarizes current literature on seven classes of drugs 
used in the treatment of gastrointestinal diseases with respect to the clearance of 
these substances. It is highly interesting and may help physicians to choose an 
equivalent drug or drug combination in clinical practice.
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