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Brain tissue binding: bio-mimetic  
chromatography method 
 

Estimating the unbound fraction of drugs in brain has 
become essential for the evaluation and interpretation of the 
pharmacokinetics and pharmacodynamics of new central 
nervous system drug candidates. A number of brain binding 
assays have been developed and some of them are widely 
applied in central nervous system (CNS) research. Many of the 
methods are similar to plasma protein binding (PPB) methods 
with slight modifications. Equilibrium dialysis with brain 
homogenate to measure brain tissue binding is the gold 
standard method and is widely applied in drug discovery 
research and development. Key Preclinicals offers in-house 
developed modification of Klara Valko method of bio-mimetic 
chromatography to assess brain tissue binding using 
exclusively HPLC [1, 2]. 

lipophilicity of the substance plays the most important role in 
brain tissue binding; therefore, it is desirable to determine the 
experimental values of LogP in advance.  

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 brain 
tissue binding detection. It has been 
successfully validated using 
experimental literature data for 
known compounds. 
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Method  
 

The most common high-throughput method used to measure the unbound fraction of a 
substance (fu) in vitro is equilibrium dialysis using blood plasma or tissue homogenate. 
Although non-specific binding is expected to dominate the distribution process within the brain, 
other interactions are involved too, for example, 1) active drug transport across membranes; 2) 
the distribution of weak acids and bases in a pH gradient across cell membranes. This leads to 
the accumulation of basic drugs in the cells, since the intracellular pH is lower than the 
extracellular pH; 3) basic drugs can be retained by intracellular compartments, such as 
lysosomes. 

Homogenization leads to mixing of intracellular and extracellular elements, which 
affects the nature of the exposed surfaces, and, accordingly, the total percentage of binding. 
For example, in reference [3], the binding of caffeine to rat brain slices was 20% lower (fu 0.71) 
than to brain tissue homogenate (fu 0.5). 

Despite this, many studies confirm a good correlation between the fu value obtained 
using the homogenate and the brain / plasma distribution for substances that passively cross 
the blood-brain barrier. 

To test the K. Valko model, we selected 19 substances (Table 1) with known fu values of 
[4-6], and performed chromatographic analysis on IAM, HSA, and AGP columns (the described 
procedures are indicated in the corresponding sections of the report). According to the model 
of K. Valko, having data on the retention time of substances on the IAM, HSA and AGP columns, 
the values of the column capacity coefficients (capacity factor, K) and Log K, we can calculate 
the data on the binding of the substance to brain tissues, using only the equation and the value 
of the retention time of the substance on the column. 
 
Table 1. Physico-chemical properties of the samples and the data of their chromatographic 
separation. 
 

COMPOUND ACID/BASE Log P Log K 
IAM 

Log K 
AGP 

Loh K 
HSA 

Log K 
C18 

fu brain, 
lirterature 

Log D 

Thioridazine base 5.9 1.12 1.24 1.16 0.94 0.001 3.62 
Nicardipine base 3.82 1.04 1.13 1.12 0.91 0.0055 3.62 

Loperamide base 5.15 1.08 1.12 0.79 0.94 0.0094 3.18 
Propranolol base 3.48 1.04 1.01 0.48 0.88 0.03 1.05 

Diclofenac acid 4.51 0.88 0.79 1.42 0.98 0.041 1.31 
Indometacin acid 4.27 0.87 0.73 1.49 0.98 0.055 0.91 

Quinine base 3.44 1.03 0.97 0.55 0.82 0.082 2.19 
Dexamethasone acid 1.83 1.13 -0.75 0.14 0.87 0.098 1.87 

Quinidine base 3.44 0.86 0.81 0.44 0.82 0.16 1.3 
Carbamazepine neutral 2.45 0.82 0.83 0.56 0.91 0.18 2.45 

Metoclopramide base 2.62 0.89 0.49 0.13 0.84 0.24 0.41 
Lidocaine base 2.44 0.82 0.09 -0.49 0.83 0.27 2.26 
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Warfarin acid 2.7 0.71 1.07 1.35 0.97 0.295 0.85 

Caffeine zwitterion 
(neutral) 

-0.07 0.02 -0.98 -0.79 0.81 0.71 -0.1 

Salicylic acid acid 2.26 0.62 -0.99 0.95 0.89 0.63 -1 
Paracetamol acid 0.46 0.15 -0.90 -0.45 0.77 0.724 0.46 

Acetylsalicylic 
acid 

acid 1.19 0.46 -1.08 0.00 0.87 0.8 -2.25 

Levofloxacin zwitterion -0.39 0.66 0.25 0.09 0.82 0.84 -1.5 
Aatenolol base 0.2 0.44 -0.19 -0.66 0.78 0.9 -1.72 

Ranitidine base 0.27 0.66 -0.03 -0.31 0.78 0.96 -0.63 

 
Lipids are the most common organic compounds of the brain - they make up 50% of its 

dry weight. Thus, the brain possesses the second place in lipid content after adipose tissue. 
Brain lipidome includes several thousand different biochemical structures, the expression of 
which can vary significantly depending on age, gender, brain area, cell type, as well as cell 
localization. However, unlike adipose tissue, which basically stores fatty acids in the form of 
triglycerides for subsequent disposal and mobilization in other tissues, it is believed that the 
brain primarily uses acylated lipids to generate phospholipids for cell membranes [7]. 

Phosphatidylcholine (PC) is the main phospholipid found in cell membranes. 
Phosphatidylcholine is a substance that has a hydrophobic fatty tail and hydrophilic polar 
groups, of which at neutral pH the phosphoric acid residue is negatively charged, and choline is 
positively charged. It is expected that binding to phosphatidylcholine will be different from 
binding to reversed phase or octanol. Synthetic phospholipid-based columns called Immobilized 
Artificial Membranes (IAMs) are used to evaluate phospholipid binding. Sorbent of IAM 
columns is obtained by covalent linking synthetic analogs of phospholipids with silica-
propylamine particles to simulate the lipid medium of a membrane on a solid matrix. 
 

 
 

Fig. 1. Phosphatidylcholine carries both a positive and a negative charge (at neutral pH), as well 
as hydrophobic tails of fatty acids. 

 
As can be seen from the graph below, despite the obvious relationship between the 

retention time on the IAM column and the size of the unbound fraction, the affinity for 
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phospholipids (http://www.registech.com) is not the only property responsible for binding to 
brain tissue (Fig. 1) Despite the existing pattern, the binding of a substance to the brain 
depends not only on binding to phospholipids, but also on other factors. This is observed when 
constructing a correlation graph (Fig. 2). 
 

 
 
 

Fig. 2. Correlation between the percentage of binding of a substance to brain tissue  
and Log KIAM 

 
Lipophilicity can be most clearly expressed as the tendency of the compound to distribute 

between the nonpolar organic phase and the polar aqueous phase. In drug development, the 
lipophilicity of a compound is expressed either by a partition coefficient, logP, or a distribution 
coefficient, logD. Since most known drugs are at least partially charged at physiological pH, logD 
is a more accurate descriptor of the lipophilicity of the compound because it describes the 
separation of molecules in the form (ionized or non-ionized) in which they are at a particular 
physiological pH. 

It seems that the percentage of binding directly depends on the lipophilicity of the 
molecule (Fig. 3), and the presence of charged groups on the surface plays an important role 
(Fig. 4). 
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Fig. 3. Nonlinear dependence of the substance binding on the LogP distribution. 
 

LogD, the pH-dependent version of logP, is an octanol / water partition coefficient 
descriptor for ionizable molecules in biphasic media. It reflects the true behavior of ionized 
compounds in solution at a given pH or pH range. The ionization of any compound makes it 
more soluble in water and, by default, less lipophilic. 

Lipophilicity at the physiological pH of the brain (about 7) is the main factor that is 
responsible for brain tissue binding (linear regression correlation coefficient R2 = 0.75, Fig. 12). 
The second important component of brain tissue is proteins (Table 2). 
 

 
Fig. 4. A more linear relationship (in contrast to the previous graph) indicates the important 

contribution of the charge of a molecule to its ability to bind to brain tissue. 

R² = 0.794 
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Table 2. Comparison of the composition of brain tissue and skeletal muscle [8]. 

 

 Skeletal 
Muscle (%) 

Whole 
Brain (%) 

Water 75 77 to 78 
Lipids 5 10 to 12 

Protein 18 to 20 8 
Carbohydrate 1 1 

Soluble organic 
substances 

3 to 5 2 

Inorganic salts 1 1 

 
High protein content is achieved through the synthesis of components of the myelin 

sheath, a large number of transmembrane receptors and protein neurotransmitters and 
hormones. Thus, nonspecific protein binding should play a prominent role in the formation of 
the bound fraction of the drug. 

The model we applied assumes the use of a column with recombinant human albumin 
(human serum albumin, HSA) as an imitation of the protein component of the brain for 
measuring non-specific binding. 

To calculate the parameter fu, we took the Valko model (1) as a basis, in which we made 
some changes (2). 
 

                                           (1) 

This formula did not give satisfactory results (possibly due to a modification of the methods), 
therefore, using regression analysis, we determined new coefficients and also included an 
additional parameter LogDpH7: 
 

                                                           (2) 

 
Having calculated all the necessary data, we made a comparative characteristic of the obtained 
values (Table 3) using the standard equation according to the method of K. Valko and using the 
modified equation with the inclusion of the additional parameter LogDpH7 in the formula. 
Comparison of calculated data with experimental data shows a good predictive ability of this 
method (Fig. 5). 
 
Table 3. Comparison of the results obtained using our equation with published data. 
 

Compound fu, literature fu, calculated  

Thioridazine 0.001 →0 
Nicardipine 0.006 →0 
Loperamide 0.009 →0 
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Propranolol 0.030 0.231 
Diclofenac 0.041 0.145 
Indomethacin 0.059 0.185 
Quinine 0.082 0.103 
Dexamethasone 0.098 0.152 
Quinidine 0.160 0.269 
Carbamazepine 0.180 0.142 
Metoclopramide 0.240 0.391 
Lidocaine 0.270 0.289 
Warfarin 0.295 0.260 
Caffeine 0.700 0.537 
Salicylic acid 0.630 0.846 
Paracetamol 0.724 0.700 
Acetylsalicylic acid 0.800 0.837 
Levofloxacin 0.840 0.678 
Atenolol 0.900 0.865 
Ranitidine 0.960 0.634 

 
 

 
 

Fig. 5. Comparison of calculated data and literature values of fu, determination of linear 
dependence and calculation of R2. 

 
According to the results of calculations and comparisons with published data, it can be 

assumed that the use of the K. Valko equation modified by us with the inclusion of the 
additional parameter LogDpH7 is appropriate for calculations of brain tissue binding which is 
characterised by a high linear correlation coefficient of 0.89. 
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