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A B S T R A C T

The main focus of the pharmacokinetic process is hepatic metabolism, which is responsible for biotransformation and 

elimination of xenobiotics such as drugs.  This step depends primarily on the CYP450 system, which plays a role in 
drug metabolism and changes their therapeutic responses. CYP450 enzyme system includes many notable points such 

as major families, their functions and also the factors that can alter their activity and cause significant interaction.  

According to previous studies, the most important factor affecting this enzyme system is the medications that can 
enhance or inhibit its activity.  

The aim of this article is to discuss the detailed mechanism of the interaction between CYP450 enzyme and other 

drugs. This mechanism is very important when prescribing various medications to avoid the problem of drug-drug 
interaction. 

We must remember that many drugs undergo metabolism through more than just isozyme interactions or may pass 

through dual metabolism pathways.  Examples of such drugs are anticonvulsants, antidepressant, anti-infectives, 
immunosuppressant, and cardiovascular drugs. 

1. Introduction

The adverse reaction of drug-drug interaction in the therapeutic 

system is of utmost importance. This can be a result of the change in 

metabolic enzymes. 

Drugs pass through many processes to enhance their excretion from 

the body. One of these processes is metabolism which is done by 

several types of reaction such as reduction, oxidation, hydration, 

hydrolysis, isomerization, condensation, or conjugation [6]. While the 

rate of metabolism is affected by many factors such as chronic liver 

disease, genetic polymorphisms, or drug interactions [7], the 

metabolic processes result in the generation of inactive metabolites, or 

sometimes produce an active metabolite called a pro-drug, and of 

course, enzymes play a major role in this mechanism [8]. 

These enzymes are concentrated in the liver more than other tissues 

(extra-hepatic tissues) and are called the hepatic cytochrome P450 

system.  This system includes a group of enzymes that divide into 

families and subfamilies [9]. 

The enzyme system controls the main pharmacokinetic interactions 

of various medications. But some of the specific drugs can act as 

enzyme inhibitors or inducers when co-administrating with other 

drugs [10]. 

So the conception of this mechanism between enzyme and drug is 

very important when prescribing various medications.  Finally, more 

research is needed to detect the alteration in individual enzymes to 

avoid or reduce the incidence of drug interactions and therefore 

decrease adverse effects [11]. 

2. Purpose

The main purpose of this research is to enhance our knowledge

about the common role of CYP 450 isozymes in drug interactions.

3. Method

This review depends on research in reliable and popular medical

databases which are PubMed, Saudi Digital Library, Google Scholar 

and Web of Science (ISI). The terms used to search the published 

research are isozymes, cytochrome P450 system, liver enzyme, drug 

metabolism, drug-drug interactions, enzyme inhibitors, and an enzyme 
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inducer. The studies identified were published in 51 references which 

are distributed between the years 2008 to 2017. 

3.1. Cytochrome P450 system 

The P450 cytochrome system is controlled via the human genome 

57 [12], which regulates more than twelve enzymes in three families 

using a coding system consisting of numbers and letters related to the 

system [13]. 

We can divide their functions into three portions. The first 

participates in the biosynthesis of signaling molecules and regulatory 

factors or sterols. The second is responsible for the metabolism and 

detoxify of the xenobiotics. But the role of the last is still unclear [14]. 

By focusing more, on the most important function of the system, 

which is biotransformation, that affects 70-80% of drugs. Where the 

drug undergoes the first-pass metabolism before entering to plasma 

this causes variation of the individual pharmacokinetics between 

people. 

This function also helps the clearance of other products like 

tobacco, alcohol, and methamphetamine [15]. 

Generally, the CYP450 system involves several enzymes regulated 

in CYP1, 2, and 3 groups, each of which plays a role in metabolism 

for roughly two-thirds of discovered drugs. Usually metabolism 

results in the release of reactive oxygen species called prodrug.  Toxic 

metabolites are also sometimes released [16]. Among them, CYP1A2, 

3A4, 2C8, 2C9 and 2E1 which are present in high concentrations in 

the liver whereas CYP2A6, 3A5, 2B6, 2C19, and 2D6 exist in low 

concentration, but CYP1A1, 1B1, 2J2,2S1 and 2W1 are extrahepatic 

enzymes that appear in certain tissues like hypoxic or tumor tissues 

[17]. Factors that can alter the activity of enzymes must be taken into 

consideration e.g. gene polymorphisms for CYP450 which effect the 

action of CYPs 2A6, 3A5, 2B6,2C9, 2C19 and 2D6 [18]. The other 

notable factors are received xenobiotics like specific medication or 

food, disease condition, age, sex, hormones and cytokines regulation 

[16]. 

More precisely, these factors may enhance the activity of enzymes 

(called hyper or extensive) and change their reactions resulting in 
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reduced bioavailability and plasma concentration and so reduced 

efficacy of the drugs.  

Fig 1: Types of cytochrome P450 enzymes [5] 

But the positive thing is decreased toxicity and reduced access to 

the brain. On the other hand, they may reduce the activity of individual 

enzymes and cause the opposite action to the above [19]. 

Table 1: Specific cytochrome P450 enzymes and drug substrates with its 
inhibitors and inducer [3] 

3.2. Main Mechanism of Cytochrome P450 system 

Cytochromes P450, which was discovered in 1958, is a family of 

cysteine thiolate-ligated heme that containing monooxygenase 

enzyme [20]. It catalyzes the movement of the oxygen atom from the 

oxygen molecule creating broad species of substrates as part of the 

oxidation reaction.  It also reduces the second O2 by 2 electrons to 

create water molecules that causes an interaction of NADPH [21].  The 

reaction can be explained in this simple equation: 
(1) RH + (1) NAD(P)H + (1) O2 + H+ → (1) ROH + (1) NAD(P) + + (1) H2O (2) 

Now, we focus on the mechanism of these enzymes in metabolism. 

First, they can add O2 to N-H or C-H bond to produce hydroxyl 

derivative and the usual terminal product is alcohol (22), but the 

hydroxylation in C-H bond that is attached to the heteroatom produces 

fragments which are carbonyl groups with others like hydroxyl, thiol 

or amine groups, and this is the major method of P450 in catalyzing 

prodrug generation [23].  

Secondly, the enzymes can accelerate the epoxidation of olefinic 

bonds and also aromatic π-bonds, and finally, they can bond O2 with 

sulfur or nitrogen atoms (in electron pair) to produce S-oxide or N-

oxide molecules [24]. 

In summary, the most oxidation reactions are hydroxylation, 

heteroatom oxidation, epoxidation, and heteroatom dealkylation [25]. 

4. Significant drug interactions affected by CYP system 

The widely known major therapeutic metabolic enzyme is 

CYP3A4.  In addition to its known actions, it can metabolism various 

narcotics like cocaine and methamphetamine, whilst the metabolic 

enzymes for nicotine, alcohol, and polyaromatic-hydrocarbon are 

CYP2A6, CYP2E1, and CYP1A1/1B1 [26].  

We must remember that several drugs undergo metabolizism 

through more than just one isozyme, or in other words they pass 

through dual metabolism pathways [16]. 

Fig 2: Chemical structure of cytochrome P450 [2]. 

4.1. Anticonvulsants Drugs 

CYP3A4 is induced by phenytoin, oxcarbazepine, and 

carbamazepine that stimulates metabolism and causes a decrease in 

the concentration of oral contraceptives that can lead to unplanned 

pregnancies [27]. 

So, many clinical effects of critical drugs like cyclosporin or 

warfarin, that have low therapeutic index, are changed and desired 

effects are reduced when taken at the same time with these drugs [28].  

But if inhibitor drugs like verapamil are taken, they can decrease the 

rate of metabolism which can lead to the raising of carbamazepine 

concentration and the result is an increase in toxicity [29]. 

 

CYP450 Enzyme Common drug substrates Inhibitors Inducers 

CYP1A2 
Clozapine, Estrogen, Clomipramine, Fluvoxamine, 

Haloperidol, Theophylline, Tacrine 

Amiodarone, cimetidine, 

fluoroquinolones, ticlopidine  

Olycyclic aromatic hydrocarbon, 

Omeprazole, Ritonavir, 
Phenobarbital  

CYP3A 

Diltiazem, Nifedipine, Felodipine, Verapamil, 
Tacrolimus, Sildenafil, Cyclosporin, Alprazolam,  

Triazolam, Midazolam,  Ritonavir, Atorvastatin, 

Clarithromycin, Losartan, Erythromycin, Indinavir.  

Troleandomycin, Itraconazole, 

Verapamil, Ketoconazole, Mifepristone, 
Clarithromycin,  Nefazodone, 

Erythromycin, Diltiazem, Delavirdine, 

Indinavir, Ritonavir, Saquinavir, 
Grapefruit juice. 

Rifapentine, Rifampin, Rifabutin, 
St John’s Wort, Carbamazepine, 

Phenytoin, Phenobarbital, 

Nevirapine, Efavirenz, Topiramate. 

CYP2C9 Phenytoin, Tolbutamide, Warfarin, Glipizide. 
Amiodarone, Miconazole, Fluconazole, 

Phenylbutazone, Sulphinpyrazone. 

Phenobarbital, Rifampin, 

Carbamazepine, St John’s Wort. 

CYP2E1 
Paracetamol, Ethanol, Benzene, Theophylline, 
Isoflurane. 

Diethyl-dithiocarbamate, Disulfiram. Isoniazid, Ethanol.  

CYP2D6 

Alprenolol, Carvedilol, Bufuralol, Metoprolol, 
Timolol, Propranolol, Amitriptyline, Desipramine, 

Clomipramine, Imipramine, Flecainide, Nortriptyline, 

Mexiletine, Fluoxetine, Propafenone, Haloperidol, 
Perphenazine, Paroxetine, Codeine, Venlafaxine, 

Dextromethorphan. 

Clomipramine, Fluoxetine, Quinidine, 
Paroxetine, Haloperidol. 

Not inducible. 
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4.2. Antidepressant Drug 

Most psychiatrists have a perception about certain parts of 

antidepressants’ structure which can generate critical drug interactions 

due to inhibition of a CYP2D6 enzyme [30]. These can be enumerated 

as follows: escitalopram, citalopram, paroxetine, fluoxetine, 

fluvoxamine, mirtazapine, venlafaxine, desvenlafaxine, and 

vilazodone [31]. The FDA advises that if possible, genetic testing is 

required before starting treatment with certain SSRIs like paroxetine, 

fluoxetine, and fluvoxamine, to determine the individual activity of 

CYP2D6 [32]. 

The effect of fluvoxamine, which is a potent inhibitor, appeared 

when received with codeine, which inhibits it, to convert it to 

morphine by inhibiting CYP2D6 enzyme resulting in the loss of 

painkiller effect [33]. 

On the other hand, the different effect of inhibition of CYP2D6 

enzyme is shown in plasma concentration, in which clozapine and 

carvedilol levels are increased by 30–42%, whilst galantamine, 

metoprolol, risperidone, and donepezil levels are increased by 2 to 5 

fold [34]. The effects of warfarin can be increased when combined 

with antidepressants, due to an inhibition of metabolism that leads to 

an increased risk of bleeding [35]. Harvard medical school reported, 

that the combination of antidepressants and tamoxifen can cause 

interference with the benefit of breast cancer treatment due to 

inhibition conversion of tamoxifen to endoxifen as active form [36]. 

Fig 3: Major cytochrome P450 effect antiepileptic drugs [1]. 

4.3. Anti-infectives Drugs 

In general, ketoconazole, miconazole and itraconazole are famous 

antifungals which inhibit all CYP450 enzymes and cause numerous 

critical interactions [37]. They can increase the concentrations of other 

medications specially drugs with low therapeutic index like 

cyclosporin, digoxin, erythromycin and also warfarin for which they 

increase INR level and cause an increased risk of bleeding [38]. 

On the contrary, rifampicin is an example of an enzyme inducer that 

decreases the concentration of other drugs by stimulating metabolism 

and enhancing clearance. So, it must be noted when prescribed with 

other drugs like digoxin, aprepitant, ranolazine, tacrolimus, 

sulfasalazine, and theophylline [39]. 

4.4. Cardiovascular Drugs 

From the many antihypertensive drugs, the calcium channel blocker 

(CCB) is a familiar prescription for several conditions other than 

hypertension like angina, heart failure, coronary artery and arrhythmia 

disease.[40]  

Felodipine is one of the CCB and its concentration is affected via 

CYP3A4 enzyme inhibitors such as ritonavir, itraconazole, and 

erythromycin that lead to increased concentration and may cause rapid 

hypotension in some patients [41], while in epileptic patients receiving 

carbamazepine, which is a CYP3A4 enzyme inducer, it is necessary to 

take felodipine with high dose to achieve its effect [42].  

Other examples of CCB are verapamil and diltiazem, which are 

considered as moderate CYP3A4 enzyme inhibitors, and they can 

increase concentrations and effects of other drugs especially low 

therapeutic index drugs, which, when taken at the same time like 

warfarin increases the risk of hemorrhage [43].  

Pimozide or cisapride can produce QT prolongation and ventricular 

arrhythmias when taken with diltiazem or verapamil. This occurs due 

to inhibition of metabolism and accumulated drugs that lead to 

excessive side effects [44]. Also, fentanyl is the other drug that has 

significant drug interaction with verapamil, which leads to an increase 

in blood levels of the drug and therefore a rise in its effects [45]. 

The other group of therapy is statin drugs like atorvastatin, 

simvastatin, and lovastatin that are used to lower hyperlipidemia, but 

they must be taken with caution if prescribed with CYP3A4 enzyme 

inhibitors such as erythromycin, ritonavir, nefazodone and grapefruit 

juice to avoid incidence of rhabdomyolysis which is a serious side 

effect due to an increase in the concentration of statins [46]. 

One of the famous drugs with critical drug interactions is warfarin 

because it has a complex pathway in CYP450 metabolism, so it needs 

frequent monitoring for INR to confirm the steady state of plasma 

concentration [47].  Clinical studies investigating the combination of 

warfarin with amiodarone, which is the antiarrhythmic drug, showed 

a significant drug interaction.  Warfarin blood levels were increased 

by between 6 and 65% as a result of the resultant decrease metabolism 

of warfarin via amiodarone, leading to increased  risk of bleeding [48]. 

However, other cases of warfarin drug interaction occur when co-

administred with primidone. Primidone has a broad spectrum as an 

enzyme inducer and can affect the activity of many subfamilies such 

as CYP3A4, CYP2C9, CYP1A2, and CYP2C19. So, the result of the 

interaction is to decrease the INR level and therefore the anticoagulant 

activity of warfarin through increasing its clearance [28]. 

4.5. Immunosuppressants Drugs 

According to clinical studies, the combination of 

immunosuppressant with some enzyme inhibitors can benefit the 

patient and help to give him a low dose of immunosuppressant drugs. 

For example, the physician can add ketoconazole to the therapeutic 

plan contain cyclosporin because it has the highly active CYP3A4 

enzyme inhibitor and can therefore decrease the dose of cyclosporin 

[49]. Furthermore, if the plan combines cyclosporin and St John's 

wort, which is a CYP3A4 enzyme inducer, the result generates a 

sequence of organ loss by rejection [50].  The clinical observation 

reported about the co-administration of CYP3A4 enzyme inhibitors 

like diltiazem with tacrolimus, can increase the concentration and raise 

toxicity risk of tacrolimus [51]. Conversely, if the tacrolimus 

combines with CYP3A4 enzyme inducers like carbamazepine, the 

concentration of tacrolimus will decrease and the toxicity risk will 

reduce [52]. 

4.6. Grapefruit juice: 

It is important to note, and usually the physician will warn patients 

to avoid drinking grapefruit juice before medication due to its 

characteristic inhibitory action on CYP3A that causes a rise in the 

concentration, bioavailability and also side effects of many drugs [53]. 

According to research at the University of California,  scientists 

compared the potency between grapefruit and cannabinoid (CBD) and 

it showed that CBD is as highly a potent inhibitor as grapefruit [54].  

Fig 4: Effect of grapefruit in metabolism of  drugs [4]. 

5. Conclusions 

Metabolic enzymes are the main player in drug-drug interactions that 

cause individual variation of drug response. The major hepatic enzyme 

family is the CYP system, which has more than twelve enzymes 
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regulated in three groups and they are responsible for 

biotransformation and elimination of 70-80% of marketed drugs. 

Each enzyme has a specific inducer and inhibitor drug but the critical 

enzyme is CYP3A4 which is then followed by CYP2D6, CYP1A2, 

CYP2C9, and CYP2E1.  

The safest method to define metabolic interactions of drugs is by 

understanding the rules controlling interactions. Drugs which inhibit 

CYP450 can decrease metabolism rate and therefore increase the 

activity of other drugs and occasionally raise toxicity when taken at 

same time. 

But, the enzyme inducer drugs that are stimulators of metabolism can 

cause a decrease in concentration and activity of other drugs. 

So, special attention should be given to drugs that have a low 

therapeutic index or have severe adverse effects like antibiotic, 

immunosuppressant, anticonvulsants or cardiovascular drugs. 

However, researchers are investigating the positive applications of 

some of the drug-drug interactions in the therapeutic field, to take 

advantages of actions like a reduction in drug dose or minimizing the 

occurrence of serious side effects for prescribed drugs.  
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