
Evaluation of lipophilicity of selected bioactive 
molecules by HPLC

Lucia Vrablova 1,*, Dominika Pindjakova1, Tomas Strharsky2, Jiri Kos1,3, and Josef Jampilek1,2

1Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius University, 
Ilkovicova 6, 84215 Bratislava, Slovakia

2Regional Centre of Advanced Technologies and Materials, Czech Advanced Technology and 
Research Institute, Palacky University, Slechtitelu 27, 78371 Olomouc, Czech Republic

3Department of Biochemistry, Faculty of Medicine, Masaryk University, Kamenice 5, 62500 
Brno, Czech Republic

* Corresponding author: lucia.vrablova26@gmail.com

about:blank


Evaluation of lipophilicity of selected bioactive molecules by HPLC

2

Schema of HPLC system
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Abstract:

Lipophilicity is one of the important properties of bioactive molecules, according to

which the nature of a potential drug is assessed. Evaluation of the lipophilicity of

selected cinnamic acid derivatives was performed by high-performance liquid

chromatography (HPLC) using reversed (RP) stationary phase C18 and under

isocratic conditions. In the case of determining the capacity factor k, methanol and

water were applied to the system as the mobile phase. The distribution coefficient D

was determined using a mobile phase composed of methanol and acetate buffer (pH

7.4 or pH 6.5) to ensure a constant pH. This contribution aims to compare the

influence of various factors on the lipophilicity of selected trifluoromethyl

substituted cinnamanilides, including pH and the position and nature of specific

substituents in the anilide portions of the molecules. The results of this study will

then be used to evaluate structure-lipophilicity relationships, druglikeness, and

structure-activity relationships.
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Lipophilicity

• Research and development of drugs

• Definition of IUPAC 1

• Key physicochemical property of the active 
substance 2

• The affinity of molecule/ group of 
molecules to the lipophilic environment (in 
cells) 3

• Part of ADMET studies 4

• Lipinski´s Rule of 5 (Ro5) 4 → log P ≤ 5

1 Chmiel, T.; Mieszkowska, A.; Kempińska-Kupczyk, D.; Kot-Wasik, A.; Namieśnik, J.; Mazerska, Z. The impact of lipophilicity on environmental
processes, drug delivery and bioavailability of food components. Microchemical Journal 2019, 146, 393-406.

2 Van De Waterbeemd, H.; Smith, D.A.; Beaumont, K.; Walker, D.K. Property-based design: Optimization of drug absorption and 
pharmacokinetics. Journal of Medicinal Chemistry 2001, 44, 1313-1333.

3 Bunally, S.; Young, R.J. The role and impact of high throughput biomimetic measurements in drug discovery. ADMET and DMPK 2018, 6, 74-84.
4 Di, L.; Kerns, E. Drug-like Properties: Concepts, Structure Design and Methods from ADME to Toxicity Optimization; Academic Press, 2015.



Mathematical expression of lipophilicity

• log P – Partition coefficient
- neutral form of molecules 5

- good oral bioavailability of the drug → log P = 0–3 4

• log D – Distribution coefficient
- ionizable substances
- depends on pH and pKa values, physiological pH 7.4 6

• log k – Retention factor 4

- HPLC
- is equal to the ratio of retention time of the analyte on the 
column to the retention time of a non-retained compound

𝑘 =
𝑡𝑅
´

𝑡𝑀

4 Di, L.; Kerns, E. Drug-like Properties: Concepts, Structure Design and Methods from ADME to Toxicity Optimization; Academic Press, 2015.
5 Wang, T.; Wu, M.-B.; Lin, J.-P.; Yang, L.-R. Quantitative structure–activity relationship: promising advances in drug discovery platforms. Expert 

Opinion on Drug Discovery 2015, 10, 1283-1300.
6Andrés, A.; Rosés, M.; Ràfols, C.; Bosch, E.; Espinosa, S.; Segarra, V.; Huerta, J.M. Setup and validation of shake-flask procedures for the
determination of partition coefficients (logD) from low drug amounts. European Journal of Pharmaceutical Sciences 2015, 76, 181-191.



Methods for the determination of lipophilicity

• Calculation methods
Principle of structure, topology or electrotopology
Substructural approaches: Fragmental – ChemDraw, ACD/Percepta

Methods of contribution of atoms – Molinspiration

Whole molecule approaches: based on molecular properties and topological descriptors, 
log P - function of molecular properties

• Experimental methods 
Direct: 
shaking-flask method (SFM)6, slow stirring methods (SSM)7, potentiometric titration

Indirect: 
possible automation, faster analysis, less sample consumption
Chromatographic methods: HPLC, RP-HPLC, TLC, RP-TLC
Electromigration methods: MEEKC, CE

6 Andrés, A.; Rosés, M.; Ràfols, C.; Bosch, E.; Espinosa, S.; Segarra, V.; Huerta, J.M. Setup and validation of shake-flask procedures for the
determination of partition coefficients (logD) from low drug amounts. European Journal of Pharmaceutical Sciences 2015, 76, 181-191.

7 Tolls, J.; Bodo, K.; De Felip, E.; Dujardin, R.; Kim, Y.H.; Moeller‐Jensen, L.; Mullee, D.; Nakajima, A.; Paschke, A.; Pawliczek, J. Slow‐stirring
method for determining the n‐octanol/water partition coefficient (Pow) for highly hydrophobic chemicals: Performance evaluation in a ring test. 

Environmental Toxicology and Chemistry: An International Journal 2003, 22, 1051-1057.
8 Barzanti, C.; Evans, R.; Fouquet, J.; Gouzin, L.; Howarth, N.M.; Levet, E.; Wang, D.; Wayemberg, E.; Yeboah, A.A. Potentiometric determination of

octanol–water and liposome–water partition coefficients (log P) of ionizable organic compounds. Tetrahedron Letters 2007, 48, 3337-3341.



Analytes

- Two series of 17 samples in position C(3) (meta series, MCF) and C(4) (para series, PCF) 
trifluoromethyl substituted cinnamonic acid anilides

- log k and log D
lipophilicity values 
at pH 6,5 and 7,4

- Factors affecting 
lipophilicity



RP-HPLC analysis

High performance liquid chromatograph Waters Alliance 2695 XE:

Chromatographic column: Symmetry® C18, 250 × 4,6 mm, 5 μm (Waters)



Chromatographic conditions for HPLC analysis
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Results and discussion

RP-HPLC analysis: Graphical representation of log k and log D values obtained 

using HPLC for MCF (left) and PCF series (right):

log k generally exceeded log D values, implying that pH actually affects the lipophilicity 
of the samples



Comparison of lipophilicity of individual compounds

• The most lipophilic compounds: MCF 33 (R = 3,5-CF3), resp. PCF 33 (R = 3,5-CF3)
• The second most lipophilic compounds: MCF 29 (R = 3,5-Cl), resp. PCF 29 (R = 3,5-Cl)
• The least lipophilic compounds: MCF 1 (R = H), resp. PCF 1 (R = H)

• Factors affecting lipophilicity: pH, nature and position of the substituent
• The highest lipophilicity = meta and para position

o for monosubstituted derivatives lipophilicity always increased in order 2 < 4 < 3,

o for disubstituted derivatives lipophilicity always increased in order 2,5 < 2,4 < 3,5

o just in case of monoderivatives which were substituted by CF3 group the order

was different: 2 < 3 < 4

• the mathematical conformity of experimentally obtained parameters log k and log D
was evaluated and for all dependencies it was 100%



Comparison of experimental values of lipophilicity 

with software-predicted values of lipophilicity

Chem Draw Ultra 12.0 (log P) (left) ACD/Percepta 2012 (right)
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The same log P values for positional isomers (ChemDraw)



Comparison of experimental values of lipophilicity 

with software-predicted values of lipophilicity
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Conclusions

• The lowest lipophilicity shows MCF/PCF 1 (R = H) and the highest lipophilicity
shows MCF/PCF 33 (R = 3,5-CF3)

• The effect of pH – difference between log k and log D values

• The most significant influence factor on lipophilicity – the position of the
substitute - the further the substituents were topologically from the amide
bridge (meta, para position), the higher the lipophilicity

• ACD/Percepta was the most suitable software for this analysis

• Other chemical programs are not suitable for predicting lipophilicity of the
molecules as they do not distinguish positional isomers

• Experimental data will be provided for further statistical evaluation and for
advanced in silico studies

• The data will be used for correlations with biological activities of agents
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