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Caffeine the Drug Adjuvant 
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Drugs like Tylenol (paracetamol), Advil

(ibuprofen), and Aspirin (acetylsalicylic acid) 

are often complexed with caffeine. Why?

Adenosine

AR



Caffeine the Drug Adjuvant 
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1. Commonly used drug 
adjuvant

2. Membrane-Mediated Drug 
Interactions May Affect 
Bioaccumulation, Partitioning, 
and Metabolism

3. Lack of Mechanistic 
Understanding of Adjuvant 
Properties

Caffeine
(1,3,7- trimethylxanthine)

De Groot et al. 2012



Caffeine and the Membrane
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Materials and Methods
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X-Ray DiffractionMolecular Dynamics

Timescale
ns

• GROMACS MD package

• ~15000 atom simulations

• 200ns for 6 systems

• Biological Large Angle 

Diffraction Experiment (BLADE)

• Multi-lamellar model 

membranes on silicon wafers

days



Sample Preparation
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Multi-lamellar, solid supported synthetic membranes

POPC + Caffeine in 
TFE/Chloroform



Caffeine Localization
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Caffeine Localization
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Result: Caffeine Localizes in the Head-Tail Interface



Bilayer Swelling
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First-Order Kinetics
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Membrane Bioenergetics
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α ∝ ΔE
Bulk

Interfacial

Result: Caffeine does not affect the chemical energy barrier between 

bulk and interfacial water

RH = p/po

τ = τ0eαln(RH) = τ0e(ΔE/kBT)



Hygroscopic Water Pockets
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Water Density
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Hygroscopic Water Pockets
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Gauche Defects and Fluidity
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Result: Caffeine decreases fluidity within the membrane,

functionally dehydrating the bilayer

GaucheTrans

Distance
Distance



Conclusion
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1. Localization in 
the Head-Tail 
Interface

2. Attracts Local Water Density

3. Increases Local 
Gauche Defects, i.e. 
Increased Local Fluidity, 
Decreased Overall 
Fluidity

5. Decreases Bilayer 
Swelling

4. Increases 
Membrane 
Thickness



Suggested Implications
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Analgesic

Caffeine

Increased Time of 
Analgesic Activity

Cytochrome P450 2C9

Picture from: Berka et al. 2011. J. Phys. Chem. A.
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X-Ray Diffraction
Multi-lamellar stacks

Molecular Dynamics
With periodic boundary conditions

4 nm

1.5 nm

Method Comparison



Physiological Relevance
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1000 Hydrophilic 
(Polar) Head

Hydrophobic 

(Nonpolar) 

Acyl Tails

Membrane Stacks

~5   nm



Low Resolution Structure
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Bilayer Swelling
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MD Electron Density



Comparison of Width



1. Highly oriented stacks of lipid bilayer
2. Prepared with different doses of cortisone
3. Scanned along in-plane and out-of-plane axes

λ=2dsinθBragg’s Law:

d ≈ 1Å – 10nm

X-Ray
d

Bragg’s Law


