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Volume of distribution: bio-mimetic  
chromatography method 
 

The pharmacologically active compound is intended to 
interact with the target enzyme or receptor. However, only 
very small fractions of the administered drug actually achieve 
the goal in vivo. The distribution of the compound in the body 
depends on its affinity for many other components, such as 
proteins, nucleotides and phospholipids. Since they are 
present in much larger volumes than the target enzyme or 
receptor, they significantly reduce the concentration of the 
active substance at the site of action. The distribution of the 
drug molecule in vivo depends on its properties. It may have 
higher local concentrations in certain tissues or organs.  

Based on Klara Valko methods of bio-mimetic 
chromatography, Key Preclinicals developed the modified 
model for evaluation of volume of distribution using 
exclusively HPLC [1, 2]. 

 

  

Highlights 
 

 Bio-mimetic chromatography allows 
to model in vivo distribution and 
estimate affinity of a compound for 
human non-specific binding 
components by using human proteins 
and phospholipid as biorelevant 
stationary phases 
 

 The basic principle of the 
methodology is that the retention 
time of a compound (as a part of the 
mobile phases) passing through the 
HPLC column (containing three 
biorelevant stationary phases) is 
directly proportional to its 
affinity/dynamic equilibrium with the 
stationary phase 
 

 Application of bio-mimetic 
chromatography reduces animal 
testing and late stage attrition, 
lowers candidate selection cost and 
allows early dose estimation 
 

 We have modified the original 
methodology (by K. Valko) to 
implement it for high-accuracy 
volume of distribution detection. It 
has been successfully validated using 
experimental literature data for 
known compounds. 
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Method  
 

The distribution volume concept is explained by the formula below: 
 

    
                                 

                           
 (1) 

 
It can be seen from the formula that the lower the concentration of the active substance 

in the plasma, the greater the volume of liquid (Vd) needed to achieve this concentration. Of 
course, a decrease in plasma concentration is achieved not so much due to dilution, but rather 
due to the binding of the substance to proteins, lipoproteins and blood cells (Fig. 1). 

 

 
 

Fig. 1. In the first glass, the concentration in the entire glass is the same, and the visible 
volume of distribution is the same as the size of the glass. In the second glass after balancing 

the system, the distribution between the solution (representing plasma) and charcoal 
(representing various tissues of the body), the drug concentrations in the glass (representing 

the patient) are not uniform. Most of the drug is held together with charcoal, displaying much 
lower concentrations in the solution. After measuring the concentration of the drug in the 

solution, the visible distribution volume (Vd) is much larger [3]. 
 

The volume of distribution Vd is most often expressed in liters, L. Sometimes the value of 
the volume of distribution is normalized to the weight of the subject and expressed as a 
percentage or in liters/kilogram, L/g (Table 1). 
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Table 1. Example of distribution volume values [4] 
 

Drug V(L/Kg) V (L, 70 kg) 

Sulfisoxazole 0.16 11.2 
Phenytoin 0.63 44.1 
Phénobarbital 0.55 38.5 
Diazepam 2.4 168 
Digoxin 7 490 

 
From the table above, we can see that the distribution volume for digoxin is, in principle, 

much higher than the body volume. This drug diffuses and firmly binds to tissues, leaving low 
plasma concentrations. Thus, the binding volume is not the physical volume of the tissues, but a 
value that gives us a concept of the intensity of the drug binding to body tissues. 

Clinical data on the percentage of plasma binding (%PB) and distribution volume (Vd ss) 
were taken from the literature [5] (Table 2). 

 
Table 2. Properties of the substances used to build models of volume of distribution and 

unbound volume of distribution. 
 

Compound acid/base LogP LogK 
IAM 

LogK 
HAS 

logD fu, 
plasma 

Indomethacin acid 4.27 0.87 1.49 0.91 0.0054 
Quercetin acid 1.48 -0.36 1.05 1.7 0.009 

Warfarin acid 2.7 0.71 1.35 0.85 0.015 
Acetylsalicylic 
acid 

acid 1.19 0.46 0.00 -2.25 0.68 

Diclofenac acid 4.51 0.88 1.42 1.31 0.003 

Theophylline zwitterion -0.02 -0.52 -0.44 -0.02 0.61 
Caffeine zwitterion 

(neutral) 
-0.07 0.02 -0.79 -0.1 0.64 

Dexamethasone acid 1.83 1.13 0.14 1.92 0.25 

Atenolol base 0.2 0.44 -0.66 -1.72 0.94 
Nizatidine base 1.1 0.22 -0.45 -0.05 0.65 

Paracetamol weak acid 0.46 0.15 -0.45 0.46 0.52 
Nicardipine base 3.82 1.04 1.12 3.62 0.005 

Ranitidine base 0.27 0.66 -0.31 -0.63 0.95 
Levofloxacin zwitterion -0.39 0.66 0.09 -1.5 0.75 

Trimethoprim base 0.91 0.13 0.10 0.6 0.63 
Lidocaine base 2.44 0.82 -0.49 2.26 0.42 

Quinine base 3.44 1.03 0.55 2.19 0.3 
Quinidine base 3.44 0.86 0.44 1.17 0.26 

Propranolol base 3.48 1.04 0.48 1.15 0.15 
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Metoclopramide base 2.62 0.89 0.13 0.41 0.71 

Colchicine neutral 1.3 0.75 0.13 1.1 0.61 

 
 
Based on the general principles of biomimetic chromatography, to develop a model of the 

distribution volume (Table 3), we took the following parameters: Log k IAM, which is 
responsible for binding to membranes, Log k HSA, which is responsible for non-specific binding 
to proteins, LogDpH7 as an ionization criterion, fu, plasma, which can be obtained either 
experimentally or using the formula above. Using regression analysis, we obtained the 
following equation for calculating Vd: 

 
                                                              (2) 

            (3) 

 
 

Table 3. Comparison of the results obtained using the model (2) with published data 
 

Compound Log Vd ss 
literature 

Log Vd ss 
calculated 

Indomethacin -1.00 -0.66 

Quercetin -0.92 -0.92 
Warfarin -0.89 -0.70 

Acetylsalicylic 
acid 

-0.66 -0.47 

Diclofenac -0.66 -0.54 
Theophylline -0.29 -0.36 

Caffeine -0.20 -0.03 
Dexamethasone -0.03 0.29 

Atenolol -0.02 0.12 
Nizatidine 0.00 0.02 

Paracetamol 0.00 -0.05 
Nicardipine 0.00 0.17 

Ranitidine 0.08 0.43 
Levofloxacin 0.08 -0.12 

Trimethoprim 0.18 0.01 
Lidocaine 0.26 0.57 

Quinine 0.26 0.29 
Quinidine 0.46 0.18 

Propranolol 0.49 0.15 
Metoclopramide 0.51 0.40 

Colchicine 0.79 0.38 
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The results obtained have a good correlation with the literature data (R2 = 0.8, Fig. 2). 
 
 
 

 
 
Fig. 2. Correlation graph of the Vd values obtained using equation (2) with the literature 

data. X and Y coordinates are in a logarithmic scale. 
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R² = 0.8001 
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