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Nutrigenomics 
as they relate to food 
– drug interactions
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Food – Gene interactions are not the whole story
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Food Health

When
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Changing the balance
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HABITS

GENOME
MICROBIOME

Genetic tests
Metabolic markers
lifestyle

It is all about staying healthy



Personalized!

Medicine: 
single target – single compound – single situation

Nutrition: 
multiple targets, plentiful compounds, infinite situations

Healthy is better
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Gluten, a Friend or Foe, an easy case of nutrition and genes
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or maybe a Fad
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Gluten, a Friend or Foe, an easy case of nutrition and genes

Separating gluten from “FODMAP”-induced effects has not occurred in most studies. 



Food for thought
There is no doubt that people with irritable bowel syndrome (IBS) and the doctors who 
treat them are obsessed with diet.

The past five years have seen a huge rise in awareness of the low-FODMAP diet, which 
omits particular carbohydrates found in wheat, onions and some fruits. 

Other patients are eager to go gluten free, eschewing a protein that is found in wheat 
and some other grains — a diet that is also popular outside the IBS community.

“Patients have high expectations” for such diets, says Magnus Simrén, a 
gastroenterologist at the University of Gothenburg in Sweden
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Deweerdt, NATURE, 2016



Conflicting advice

Conflicting interpretations!

What do they mean?

The raw genetic data provided 
by two companies (23andMe 
and deCODEme) to Times 
journalist Mark Henderson 
demonstrates an error rate per 
company of around one in 
every 14,000 data points: 

That is far better than most 
routine clinical tests.

9



Dietary supplements
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Consumers erroneously believe that: 

(1) supplements are approved by the government, 

(2) supplements have been tested for safety and effectiveness, 

(3) the content of supplements is analyzed,

and 

(4) manufacturers are required to disclose known adverse effects to consumers. 

Furthermore, labelling requirements that are intended to provide transparency to 

consumers are relatively ineffective.



Dietary supplements
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Dietary supplements & CYP 3A4
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The most commonly prescribed oral

anticoagulants worldwide are the vitamin K 

antagonists (VKAs) such as warfarin. 

Factors affecting the pharmacokinetics of VKAs 

are important because deviations from their 

narrow therapeutic window can result in 

bleedings due to over-anticoagulation

or 

thrombosis because of under-anticoagulation.



Dietary supplements & CYP 3A4

13Di Minno et al, Blood Rev. 2017

“3.1.7. St. John's wort (Hypericum perforatum)

St. John's wort, often used to treat moderate depression, 

sleep disorders, anxiety and pain, induces CYP1A2, 2C9 

and 3A4, resulting in increased clearance and reduction 

of plasma concentrations of warfarin. Long-term 

consumption of St. John's wort increases the clearance 

of both the S (+29%, via CYP2C9) and the R (+23%, via 

CYP3A4/CYP1A2) enantiomers of warfarin, resulting in a 

clinically significant reduction of the pharmacological 

effect of warfarin.”



Cytochrome P450 3A4
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Introduction

❖ A large and diverse group of enzymes, in human, animals, plants, fungi, bacteria and

archaea: 18,867 distinct CYP protein are known.

❖ Metabolize a wide range of endogenous compounds: steroid hormones, lipids, and

bile acids;

❖ and xenobiotics including drugs, environmental pollutants, and dietary products.

❖ Hemoproteins
❖ Catalyze a monooxygenase reaction: RH + O2 + 2H+ + 2e– → ROH + H2O

❖ Large and malleable active site, able to bind more than one ligand simultaneously.



Rodeiro et al., 2008. Mini-Rev. Med. Chem.

CYP3A4 – the major enzyme in Food – Drug interactions
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Introduction

Paine et al., 2006. Drug Meatb. Dispos.

❖ Most abundant P450 enzyme in the human
liver, accounting for 40% of the total P450
protein content.

❖ In the intestine, CYP3A4 is the principle
drug-metabolizing enzyme, accounting for
est. 80% of total P450 content

❖ Involved in the metabolism of >50% of
prescribed drugs.

❖ Accumulating data demonstrates its
susceptibility to modulation by dietary
compounds.

Introduction



CYP3A4 – How important is it?

IntroductionIntroduction

Wilkinson, 2005. N. Engl. J. Med.



CYP3A4 & 
dietary polyphenols

IntroductionIntroduction

Basheer and Kerem, 2015. Oxid. Med. Cell. Longev.



Experiments & models

Rodents – do not express CYP 3A in the intestine

People?

Cell cultures

Microsomes from animal livers

Recombinant proteins

In silico simulations & calculations
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Basheer et al., 2015. PLoS One; Basheer et al., 2016, 

Scientific Reports; Basheer et al., 2017, Food Chem



Experiments & models
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Basheer et al., 2015. PLoS One; Basheer et al., 2016, 

Scientific Reports; Basheer et al., 2017, Food Chem
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Basheer et al., 2016, Scientific Reports

Resveratrol

Mono acetoxy stilbene Tri acetoxy stilbene

Di acetoxy stilbene

Di acetoxy stilbene

Compound CDOCKER energy 

(kcal/mole)

Resveratrol -25.5

Mono metoxy stilbene -21.7

Di metoxy stilbene -25.7

Tri metoxy stilbene -29.5

Docking calculations



21
Basheer et al., 2016, Scientific Reports

Docking calculations – validation 
another software package, the same compounds



Herb – CYP3A4, docking and in-vitro inhibition

• CDOCKER energies for 
herbal bioactives in the 
binding site of CYP3A4:

• cimicifugic acid (a) 

• -45.47 kcal/mole,

• epigallocatechin (b) 

• -35.23 kcal/mole,

• demethoxycurcumin (c) 

• -26.89 kcal/mole,

• gallic acid (d) 

• -25.63 kcal/mole.
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Basheer et al., 2018



Simulation and prediction
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Simulation and prediction
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Effective and rapid 

screening methods for 

‘hot spots’ in dietary 

compounds/drugs/poly-

morphs interactions



Harnessing available datasets:
PubChem Assay AID884 dataset
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• AID884 Assay for inhibitors and substrates of cytochrome P4503A4 
incorporates in vitro results for 14155 compound. 3571 compounds 
were classified as active and 7657 were classified as inactive. 

• The docking model was used to simulate the binding of the AID884 
compounds to CYP3A4. 

• Results:

y = -0.0373x - 53.84

R² = 0.0013
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Harnessing available datasets:
PubChem Assay AID884 dataset

docked, 

13090, 92%

non-docked, 

1065, 8%

inconclusive, 

206, 19%

inactive, 707, 

67%

active, 152, 

14%

1065 non-docked

inconclusive, 

2927, 21%

inactive, 7657, 

54%

active, 3571, 

25%

inconclusive, 2649, 

22%

inactive, 6094, 

50%

active, 3395, 28%

emodel score below -30 kcal/mol

All 14155 

compounds



Polymorphism in the interactions of CYP3A4 with dietary 
compounds
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Over 75% of women in the US use 

herbals and supplements during 

pregnancy

Over 25% of patients use herbals 

along with their therapeutic prescribed 

regime



Dose adaptation to the individual
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❖ Expression of CYP3A4 in the intestine varies 11-fold

between individuals.

❖ More than 40 known SNPs, of which 22 exonic.

❖ Wide variability due to age, body weight, sex, 

diseases, and more.

❖ Inexact dosage may be hazardous.

Mikus et al. 2016, Expert opinion on drug metabolism & toxicology

Werk and Cascorbi 2014, Clinical Pharmacology & Therapeutics



Dose adaptation to the individual
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CYP3A4*7 (G56D) – Testosterone

CYP3A4*1 (WT) – Testosterone

CYP3A4*2 (S222P) – Testosterone

Miyazaki, et al. 2008, Drug Metabolism and Disposition

CYP3A4*2

CYP3A4*7

WT



Glide docking:
dietary 
products and 
steroid 
hormones

30

0

2

4

6

8

10

12

R
M
SD

WT

F189S

I118V

L293P

L373F

M445T

P218R

S222P

G56D

0

2

4

6

8

R
M
SD

WT

F189S

I118V

L293P

L373F

M445T

P218R

S222P

G56D



Concluding remarks
• Personalized nutrition is not here as yet.

• Tools are evolving rapidly.

• Data, a lot of it, is needed before valid recommendations can be made.

• Software modeling, big data mining and cloud calculations are there to be 

exploited.

• We already know enough to tell some people what and when to avoid. However, in 

most cases, avoiding products has to be monitored by  nutrition professionals.

• We must demand that our regulators and health professionals pay attention to 

what we already know, and dietary supplements should be first.
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Thanks those who do the work:
Loai Basheer, 
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and 
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Thanks for listening 

and the opportunity 

to share


