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Abstract 

In an effort to combine the interests of pharmaceuticals and plant science, this paper reviews 

published research regarding the interaction between grapefruit juice and prescription drugs. The 

initial research presented focuses on the first observance of this interaction. Studies then 

continue, discovering the mechanism of interaction takes place between grapefruit juice and 

intestinal CYP3A4 enzymes.  This interaction causes increased bioavailability in a wide range of 

drugs, leading to a variety of clinical effects. It is also determined that furanocoumarins are the 

active component of grapefruit responsible for this interaction.   
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Introduction  

Taking prescription drugs is not always a simple remedy. Prescription bottle labels notify 

the patient about specific guidelines and precautions to take while using the drug. Many labels 

warn against a variety of foods that can interact with the drug. Over the past decade, there is one 

label that has been appearing on more orally administered prescription drugs: Do not take with 

grapefruit juice or grapefruit products. 

 

Background 

Grapefruit is in the Citrus genus in the family Rutaceae. The “accidental” sprout of this 

fruit was first noticed less than 300 years ago in the West Indies (Bressler, 2006). It was 

determined that the species formed as a result of a hybridization between pummelo  (Citrus 

maxima) and sweet orange (Citrus sinensis) (Talcott, 2006). In 1837, the botanist James 

Macfadyn gave the fruit the scientific name of Citrus paradisi Macf. (Talcott, 2006). Today, the 

name “grapefruit” is used to distinguish the fruit, due to the fruit growing in clusters like that of 

grapes (Talcott, 2006). Since its discovery, grapefruit production has become an enormous 

industry in Florida and Texas (Bressler, 2006). Grapefruit has also become integrated in healthy 

eating and living.  

Today, there is an emphasis on consuming fruits and vegetables in order to maintain a 

healthy lifestyle. Grapefruit is an excellent choice due to its low calories and high concentrations 

of Vitamin C, potassium, and dietary fiber (Stump, 2006). Studies demonstrate that grapefruit 

can have a preventative influence on many diseases, such as cancer and cardiovascular disease, 

due to the abundant flavonoid content within the fruit (Talcott, 2006). For this reason, the 

American Heart Association recommended grapefruit in their “Healthy Heart Campaign” 

(Stump, 2006). Individuals also use grapefruit as part of a weight loss plan, as one study showed 
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that consuming half a grapefruit three times a day contributed significantly to weight loss over a 

twelve-week period (Talcott, 2006). In 1997, over 21% of all households in America purchased 

grapefruit juice (Talcott, 2006). Many people are aware of the health benefits grapefruit offers. 

However, an experiment in the late 1980’s has lead some people to believe grapefruit might not 

be the best option for health.  

 

Evidence for Drug Interaction  

In 1989, the Clinical and Investigative Medicine journal published the results of an 

experiment designed to determine the effects of ethanol on felodipine. (Bailey, 1989). Felodipine 

is a prescription calcium channel blocker drug administered to patients with high blood pressure. 

The drug blocks calcium entry, causing blood vessels to relax and widen, which then lowers the 

blood pressure (http://www.webmd.com). The investigation administered ethanol or placebo in a 

randomized and double blind manner to 10 patients (Bailey, 1989). Grapefruit juice was given 

with both treatments to be used as a flavor enhancer to mask the alcohol taste of ethanol (Dahan, 

2004). Based on previous studies, researchers predicted that a 5-mg felodipine tablet would 

result in a concentration between 5 and 10 nmol/L within the body (Bailey, 1989). However, the 

results of the study surprisingly varied greatly from historical controls. Both the placebo and 

ethanol treatments showed felodipine concentrations at least three times higher than predicted 

(Bailey, 1989). The patients also had lower blood pressure and a higher frequency of adverse 

effects, such as headaches and facial flushings (Dahan, 2004). Because previous studies only 

used water with the drug, it was hypothesized that felodipine taken with grapefruit increased its 

bioavailability (Talcott, 2006). It was clear that further investigation was needed.  
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 Researchers continued to use felodipine to determine the extent to which grapefruit was 

interacting. It became clear that felodipine in combination with grapefruit juice lead to an 

increased rate and systematic availability of the drug (Bailey, 1994). The the plasma drug 

concentration (Cmax) increased, as well as the total amount of drug, or area under the 

concentration time curve (AUC) (Bressler, 2006). Figure 1 presents combined data from two 

separate studies, showing the interaction between felodipine taken with grapefruit juice and 

felodipine taken with water. The AUC values for felodipine with grapefruit juice were 97-383% 

greater than the values recorded for felodipine with water (Bailey, 1994).  

 

 
Figure 1 (Cmax) and AUC of felodipine when taken with water and grapefruit juice (Bailey, 1994).  
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Mechanism of Interaction 

As studies confirmed a drug interaction with grapefruit, more investigations were 

undertaken to establish the mechanism of interaction. Orally dosed drugs are exposed to a variety 

of enzymes as the drug is absorbed from the intestinal lumen of the gut tube and into the 

mesenteric capillaries. Many of these enzymes cause a metabolic transformation of the drug 

(Thummel, 2007). As part of the cytochrome P450 enzyme family, CYP3A4 enzymes are major 

catalysts that assist in drug biotransformation reactions (Talcott, 2006; Figure 2).  

 
Figure 2 CYP3A4 Enzyme Structure (http://www.p450.kvl.dk). 

 
CYP3A4 increases the metabolism of both endogenous and foreign compounds that enter 

the digestive tract using oxidative biotransformation (Dahan, 2004). Endogenous compounds 

include androgens, estrogens, proteins, and vitamin D (Thummel, 2007). Prescription drugs are 

considered a foreign compound. Drugs that utilize CYP3A4 metabolism rely on the enzymes to 

oxidize the drug during first pass metabolism (Flanagan, 2005). As a drug is exposed to intestinal 

and liver metabolizing enzymes, the dosage of the drug is significantly reduced before it ever 

even reaches the circulatory system (Thummel, 2007). As the drug travels from the intestine to 
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the liver, CYP3A4 can reduce a drug’s systemic availability up to 85%, leaving only a fraction of 

the oral dose to enter the blood stream (Flanagan, 2005; Figure 3). Drugs exert their 

pharmacological effects here in the systemic circulation (Thummel, 2007).  

 
Figure 3 Diagram showing the pathway of a drug being metabolized by CYP3A4 in the liver and small intestine 
(Bailey, 2004).  

 

CYP3A4 enzymes are found in liver cells, where they bind the endoplasmic reticulum 

(Talcott, 2006). The enzymes are also found in the intestinal mucosa of the small intestine 

(Eagling, 1999). Research has shown that the effect grapefruit has on drugs is confined to the 

intestine. In the intestine, proteins are broken down. It is here in the intestine that CYP3A4 

function is compromised when grapefruit juice is combined with certain prescription drugs.  

The intake of grapefruit juice reduces the metabolism ability of CYP3A4 by deactivating 

and destroying intestinal CYP3A4 enzymes (Genser, 2008). Inhibiting first pass metabolism 

causes drugs to pass from the GI tract and into the circulatory system without being broken down 

metabolically in the liver and intestine (Flanagan, 2005). This increases bioavailability, which 

increases the amount of drug being absorbed by the body (Genser, 2008). As determined by 

AUC, grapefruit juice increases drug plasma concentration in the circulatory system (Takanga, 
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2000). The total amount of unchanged drug that reaches systemic circulation is directly 

proportional to the AUC (Kopacek, 2007). As more of the drug is absorbed, an individual could 

suffer from varying degrees of overdose or drug toxicity, depending on the drug (Flanagan, 

2005).  

Grapefruit juice affects patients consuming orally administered drugs, metabolized by 

CYP3A4, in numerous ways. However, the extent of an interaction cannot be easily predicted 

because the amount of intestinal CYP3A4 varies among individuals (Stump, 2006). It has been 

shown that individuals with high amounts of intestinal CYP3A4 exhibit the greatest reduction in 

CYP3A4 content with grapefruit consumption, resulting in increased drug plasma concentration 

(Flanagan, 2005).  

 

Clinical Effects of Interaction 

There are significant clinical effects when bioavailability is increased. Typically, drugs 

that heavily rely on first pass metabolism have the greatest interaction with grapefruit juice 

(Bressler, 2006). Drugs with a high rate of first pass metabolism are considered to have low 

bioavailability.  A drug with low bioavailability only passes between 2 and 10% of the 

unchanged active drug form through the gut to be systematically available (Flanagan, 2005). 

These drugs have been shown to have a 1.5-12 fold increase of AUC, or drug absorption, when 

taken with grapefruit juice (Lee, 2006). For example, a drug with 4.0% bioavailability may be 

increased to 8.0% bioavailability, a 100% increase that could easily increase the potential for 

drug toxicity (Flanagan, 2005).  

It is estimated that the CYP3A4 enzymes metabolize over half of all orally administered 

drugs on the market (Bressler, 2006). Thus, there is potential for grapefruit juice interaction with 
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many classes of drugs. The types of drugs that are known to interact with grapefruit include anti-

infectives, anti-inflammatories, antilipemics, cardiovascular agents, central nervous system 

agents, estrogens, gastrointestinal agents, histamine H1 antagonists, immunosuppressives and 

erectile dysfunction drugs (Flanagan, 2005; Tables 1-4) Given the wide variety of drugs affected 

by this combination, it is clear that there can be a wide range of clinical effects. For example, 

statins are frequently prescribed to patients to reduce blood cholesterol.  Common statins include 

simvastatin, lovastatin, and atorvastatin (Bressler, 2006). The effects of interaction with 

grapefruit can lead to an increased plasma concentration, causing the onset of side effects such as 

headaches, gastrointestinal complaints, hepatic inflammation, and myopathies (Stump, 2006). 

Clinical effects have shown incidents of statins and grapefruit causing rhabdomyolysis, a painful 

condition in which skeletal muscle degenerate (Flanagan, 2005). The sedatives triazolam and 

diazepam have caused prolonged sedation when taken with grapefruit (Flanagan, 2005). In order 

to help keep consumers knowledgeable, the University of Florida runs a website, 

www.druginteractioncenter.org, where any medication can be searched to see if it interacts with 

grapefruit juice.  
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Table 1 Antiarrythmic drugs that interact with grapefruit (Dahan, 2004; Stump, 2006).  

Antiarrhythmics 
Drug  

(Generic) 
Drug  

(Trade Name) 
Effect of Grapefruit 

Interaction Possible Risks Alternative Drugs 

Amiodarone Cordarone® 
Disopyramide Norpace® 
Quinidine Cardene® 

Blockage of metabolite 
formation 

-Arrhythmias 
-thyroid toxicity 
-pulmonary toxicity 
-liver injury 
-QTc prolongation 
-bradycardia  

-Digoxin (Lanoxin) 
-Diltiazem (Cardizem) 
-Verapamil (Calan)  
-Beta Blockers 
 

 
Table 2 Calcium channel blocker drugs that interact with grapefruit (Dahan, 2004; Stump, 2006). 

Calcium Channel Blockers 
Drug  

(Generic) 
Drug  

(Trade Name) 
Effect of Grapefruit 

Interaction Possible Risks Alternative Drugs 

Felodipine Plendil® 
Isradipine DynaCirc® 
Nicardipine Cardene® 
Nifedipine Procardia® 

Adalat® 
Nimodipine Nimotop® 
Nisoldipine Sular® 
Pranidipine  
Verapamil  

Increased bioavailability -flushing  
-peripheral edema 
-headaches 
-tachycardia 
-hypotension 
-myocardial infarction 
(rare 
 cases) 

-Amlodipine (Norvasc) 
-Diltiazem (Cardizem) 
-Verapamil (Calan)  
 

 
Table 3 Immunosuppressant drugs that interact with grapefruit (Dahan, 2004; Stump, 2006). 

Immunosuppressants  
Drug  

(Generic) 
Drug  

(Trade Name) 
Effect of Grapefruit 

Interaction Possible Risks Alternative Drugs 

Cyclosporine Sandimmune® 
Neoral® 

Tacrolimus Prograf® 

Increased bioavailability - renal toxicity 
- hepatic toxicity  
-  immuno- 
   suppression 
- nephrotoxicity 
- hypertension 
- cerebral toxicity   

- No alternatives 
  available 
 

 

Table 4 Statin drugs that interact with grapefruit (Dahan, 2004; Stump, 2006). 

Statins – HMG coA Reductase Inhibitors  
Drug  

(Generic) 
Drug  

(Trade Name) 
Effect of Grapefruit 

Interaction Possible Risks Alternative Drugs 

Atorvastiatn Lipitor® 
Lovastatin Mevacor® 
Simvastatin Zocor® 

 

Increased bioavailability - headaches 
- gastrointestinal 
  complaints 
- hepatic 
  inflammation 
- Rhabdomyolysis 
- acute renal 
  failure 

- Fluvastatin 
  (Lescol) 
- Pravastatin 
  (Pravachol) 
- Rosuvastatin 
  (Crestor) 
- Fibric acids, 
  nicotinic  
  acid, &bile acid 
  sequestrants  
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Causative Agents for Interaction 

It is believed that furanocoumarins in grapefruit are the causative agents responsible for 

inhibiting CYP3A4 (Talcott, 2006). Furanocoumarins are minor constituents in plants that are 

part of the Umbelliferae, Rutaceae, Moraceae, and Leguminosae families (Guo, 2004). 

Currently, scientists are unable to completely understand the role of furanocoumarins in plants, 

but they have been shown to be natural toxins, protecting their host plant from predators (Guo, 

2004). One of these toxicities is the ability to inhibit CYP3A4 (Guo, 2004). In their active form, 

furanocoumarins are able to covalently bind with CYP3A4 to inactivate the enzyme, which then 

causes the enzyme to degrade (Flanagan, 2005). There are many derivatives of furanocoumarin 

that can cause this interaction, particularly derivatives with a geranyloxy side chain (Guo, 2004). 

Bergamottin is one of the major furanocoumarins found in grapefruit, and has been shown to be 

a single compound with the ability to inactivate CYP3A4 based on time and concentration 

(Dahan, 2004; Figure 4). However, it is likely that the effects of this interaction are not attributed 

to a single compound. Omitting any one of the furanocoumarin compounds from grapefruit 

decreases its potency (Guo, 2004). It is suggested that all major furanocoumarins work together 

to cause the inhibitory effects of grapefruit juice (Dahan, 2004).

 

Figure 4 Furanocoumarin structures (Guo, 2004).  
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Furanocoumarin Content 

There is variability among grapefruit and grapefruit products in furanocoumarin 

concentration (Flanagan, 2005). Grapefruit juice produced from commercial white grapefruit 

from frozen concentrate, diluted from concentrate, and from fresh frozen concentrate, have all 

been shown to interact with CYP3A4 (Bailey, 1998). Some studies have also noted that the 

whole fruit solids create the same drug interaction outcomes, if not more severe, than the juice 

product (Dahan, 2004). Fruit solids contain more pulp, which is mainly where furanocoumarins 

are concentrated, in comparison to the juice sacs, peel, and seed of the grapefruit (Guo, 2004). 

The magnitude of interaction can be attributed to the abundance of grapefruit products (Bailey, 

1998). Grapefruit comes in both pink and white strains, and originates in various places around 

the world, including the USA, Australia, and Israel (Guo, 2004). Differential factors also include 

the brand, quality of crop, storage of fruit in glass, paper, plastic, or metal, and juice processing 

methods (Dahan, 2004). These factors can have an effect on the growth and production of the 

active components of the fruit.  

There is presently no evidence for furanocoumarins in apples, grapes, oranges, and 

tangerines (Guo, 2004). However, a progenitor of grapefruit, the Seville orange has been shown 

to contain bergamottin, a major furanocoumarin, but at a lower concentration than grapefruit 

(Flanagan, 2005). In addition, limes seem to have a higher potential among the citrus species to 

interact with drugs (Talcott, 2006). Other potential citrus species that may have this interaction 

are not consumed in as great a quantity as grapefruit or grapefruit juice.  
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Risk Factors and Recommendations 

Evidence suggests that patients who are generally more prone to toxic effects from all 

drugs are likely to exhibit drug toxicity when the bioavailability is increased (Talcott, 2006). 

Individuals who rarely consume grapefruit juice and then take high doses of susceptible drugs 

are increasing their risk of a significant interaction.  The intestinal CYP3A4 activity in these 

individuals is suddenly decreasing, while individuals who regularly consume grapefruit juice will 

not experience a drop quite as large (Talcott, 2006).  However, those who repeatedly consume 

grapefruit juice are increasing the magnitude of enzymatic inhibition (Genser, 2008).  

Patients are advised to refrain from consuming grapefruit juice at least 24 hours before 

taking a susceptible drug (Flanagan, 2005). Only one (8 oz.) glass of grapefruit juice is needed to 

suppress enzymatic activity (Lee, 2006). The effects of the grapefruit and drug interaction are 

immediate and generally last between 12 and 24 hours (Genser, 2008). However, one study 

performed using 8 healthy volunteers demonstrated that the effects of taking grapefruit juice 

lasted three days after intake (Takanga, 2000). Grapefruit juice irreversibly inhibits intestinal 

CYP3A4 enzymes. It generally takes one to three days to replace these enzymes, and regain 

effective activity (Flanagan, 2005). For this reason, the effects of the interaction may last longer 

than one day.    

In 1997, it was reported that over 21% of American households consumed grapefruit 

juice as a part of their daily diet (Talcott, 2006). Predominantly, it is the elderly population 

consuming the vast majority of grapefruit (Talcott, 2006). Unfortunately, it is this elderly 

population that is taking the largest amount of susceptible drugs. As further research is 

preformed, more drugs are found to have negative effects when consumed with grapefruit juice. 
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As of now, the best way to avoid these negative interactions is to avoid grapefruit products all 

together when warned to not take with certain medications. 

 

Future Research 

It is possible that this drug interaction may benefit pharmaceutical efficacy in the future, 

as it is incorporated into drug formulas. Increasing the bioavailability of an expensive drug, 

simply by taking the drug with grapefruit juice, could save a considerable amount of money for 

consumers. There is also an advantage to use drugs that have complete first-pass metabolism 

with grapefruit juice to eliminate the use of intravenous drugs (Bailey, 1994). Intravenous drugs 

are injected directly into the systemic circulation with 100% bioavailability. However, it is easier 

to administer oral drugs. If the bioavailability of these oral drugs is increased by the presence of 

grapefruit juice, there is a possibility to reduce the use of intravenous drugs. Also, with more of 

the active drug form being absorbed, taking drugs with grapefruit may reduce the frequency of 

daily dosages (Bailey, 1994). Despite these positive ideas, the research of this interaction is still 

preliminary. Researchers must fully understand all mechanisms of action. In order to use 

grapefruit juice to an advantage, the amount and variance of causative components must be 

controlled (Guo, 2004). This presents great difficulty because causative components differ 

amongst the different drugs affected (Guo, 2004).  

 

Conclusion 

The research performed in the past 20 years has shown that the interaction of grapefruit 

juice and prescription drugs can prove dangerous for the consumer. Research supports that the 

furanocoumarin content of grapefruit inhibits CYP3A4 enzyme activity irreversibly in the 
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intestine when in contact with drugs using CYP3A4 to metabolize. This causes an increase in 

bioavailability, leading to drug toxicity, and a wide range of side effects. As technology and 

research improves, it can be predicted that alternate drugs and possibly alternative grapefruit 

juice will be provided for those patients who cannot refrain from consuming the fruit. As for 

now, consumers should be knowledgeable of the dangers of consuming grapefruit juice while 

taking certain prescription drugs.  
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