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DISCLAIMER 
• None of the statements contained in this presentation, not otherwise 

referenced, constitutes the official policy of any agency or government official, 
but is a scientific/professional opinion of MMS, not directly affected 

A. either by professional engagement of MMS in the public health system of 
Serbia, in terms of regulation of registration and clinical trials of medicines 
(full-member of the Commission for registration of human medicines of the 
Medicines and Medical Devices Agency of Serbia since 2014; Full-member of 
the Ethics Committee of Republic of Serbia since 2019), 

B.  or by engagement of MMS in drug discovery and development, exemplified 
by co-authored patents (WO2016196961 Ligands selective to alpha6 subunit-
containing GABAA receptors and their methods of use; WO2017161370 
Treatment of cognitive and mood symptoms in neurodegenerative and 
neuropsychiatric disorders with alpha5-containing GABAA receptor agonists) 
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NEEDS for NOVEL TREATMENTS IN CNS DISORDERS ARE HIGH… 
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Few new pharmacotherapies for the treatment 
of anxiety have been developed since the 1940s 
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Neuropharmacokinetics as a 
bridging tool 
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• the unbound (free) concentration of a drug at 
the site of action, such as the brain, is the 
driving force for pharmacological response 



Loryan I, Reichel A, 
Feng B, Bundgaard 
C, Shaffer C, Kalvass 
C, Bednarczyk D, 
Morrison D, Lesuisse 
D, Hoppe E, 
Terstappen GC, 
Fischer H, Di L, 
Colclough N, 
Summerfield S, 
Buckley ST, Maurer 
TS, Fridén M. 
Unbound Brain-to-
Plasma Partition 
Coefficient, Kp,uu,brain-
a Game Changing 
Parameter for CNS 
Drug Discovery and 
Development. Pharm 
Res. 2022 
Jul;39(7):1321-1341. 
doi: 10.1007/s11095-
022-03246-6.  



https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?tab=biology&ligandId=38 

Affinity 
profile of 
clozapine 



The blood-brain barrier 
Capillary wall made of 
microvascular endothelial 
cells 
Neuron 

Astrocyte 

 
An endothelial barrier 
formed by the blood 
vessels that vascularize 
the parenchyma of the 
CNS. The BBB makes up 
most of the surface area 
of the brain barriers and 
hence is most important 
for drug delivery to the 
CNS 
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The presence of the BBB readily leads to an asymmetry of drug (unbound) exposure 
in the brain and in the systemic circulation, which prohibits the use of unbound drug 
concentration in plasma as a surrogate for unbound drug concentration in the brain 



Neuropharmacokinetic parameters 
• brain-to-plasma partition coefficient: 
Kp = AUC0−t, brain/AUC0−t, plasma 
• The concept of Kp,uu,brain, describing the ratio of unbound drug 

concentrations in brain interstitial fluid to that of unbound drug 
concentrations in blood (or plasma), was introduced in: Gupta A, et al. 
Brain distribution of cetirizine enantiomers: comparison of three 
different tissue-to-plasma partition coefficients: K(p), K(p,u), and 
K(p,uu). Drug Metab Dispos. 2006 Feb;34(2):318-23. 

• Kp,uu can be calculated by dividing either 
a) the area under the curve (AUC) of the profile of the concentration of 

unbound drug in brain and plasma after a single administration or 
b)  the steady-state unbound concentrations of drug in brain interstitial 

fluid and plasma 



Ligands that selectively potentiate GABAA 
receptors containing the α6 subunit 
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•           reflects the desired 
therapeutic effect as 

accurately as possible 

• may result in total brain 
concentrations that do 
not reflect the effective 
drug concentration in 
the biophase of interest 

 
• BBB permeability, 

active transport, 
plasma and tissue 

binding, distribution in 
brain lipids 

• A drug may equilibrate 
rapidly but only reach a 
low concentration in 
the CNS, or reach a 
high concentration but 
only slowly 
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Supplementary Figure 2. Estimate maximum free brain concentrations of 5 mg/kg of GL-I-54 
and 5 mg/kg of GL-II-73 



• Supplementary Figure 2. Estimate maximum free brain concentrations of 5 mg/kg of GL-I-54 and 5 mg/kg of GL-II-73  
• Stepwise approach to estimate the maximum free brain concentrations of 5 mg/kg of GL-I-54 and 5 mg/kg of GL-II-73 (doses 

used in acute behavioral testing), and associate them with the range of corresponding GABAA receptor potentiation values 
(obtained in electrophysiological experiments). Maximum brain concentrations are achieved around 20 min after dosing 
(Figure 1C and Prevot et al.9). Blue content refers to GL-I-54 and green to GL-II-73. White and nuances of the grey and black 
color at the right bottom graph refer to the particular α subunit of GABAA receptors, as indicated in the upper right table. 
Step 1 – brain concentrations (ng/g) determined 20 min after intraperitoneal dosing of 3 mg/kg GL-I-54 or GL-II-73 to male 
mice, respectively (n = 3 per compound); Step 2 – estimation of maximum brain concentrations (ng/g) for 5 mg/kg of GL-I-54 
and 5mg/kg of GL-II-73, obtained by multiplying Step 1 concentrations with the factor 5/3 (=1.67), based on an assumption 
that both GL-I-54 and GL-II-73 display a first-order pharmacokinetics (pharmacokinetics of GL-II-73 is not saturated at 3 and 
10 mg/kg, since the increase in the concentration of the compound is proportionate); Step 3 – free brain concentrations 
(ng/g) obtained by multiplying Step 2 concentrations with the free fractions in the brain determined by rapid equilibrium 
dialysis (0.1149 for GL-I-54 and 0.1214 for GL-II-73); Step 4 – adjusting the Step 3 concentrations (ng/g) for the brain density 
(1.04 g/ml) and converting the units to ng/ml; Step 5 – further conversion of units to nmol/l (unit used in 
electrophysiological experiments) by multiplying Step 4 concentrations with 1000/386.42 (386.42 g/mol is a molecular 
weight of GL-I-54 and GL-II-73) – the comparable estimated maximum free brain concentrations (nmol/l) of 5 mg/kg GL-I-54 
and 5 mg/kg of GL-II-73 are now obtained; Step 6 – association of Step 5 concentrations with the electrophysiological results 
– the estimated concentrations closely correspond to 100 nmol/l or, to a lesser extent, to 330 nmol/l of a compound 
administered in electrophysiological experiment. This implies that, in acute behavioral experiments with 5 mg/kg dose, GL-I-
54 likely potentiates α1, α2, α3 and α5 GABAA receptors, however, α1 potentiation is mild. 5 mg/kg of GL-II-73, on the other 
hand, is fairly silent on all GABAA receptors, with the potential to mildly activate α2 and α5 receptors; on α1 and α3 receptors, 
nevertheless, it behaves as a null modulator. Due to such properties, the racemic mixture of 5 mg/kg of GL-I-54 and 5 mg/kg 
of GL-II-73 might display advantageous pharmacological profile in vivo. By complete attenuation of activity at α1 GABAA 
receptors with GL-II-73, the potentiation of α2, α3 and α5 GABAA receptors by GL-I-54 might become predominant, 
exhibiting favorable behavioral effects. Ø – potentiation < 120% (null), + – potentiation < 200% (mild), ++ – potentiation < 
250% (moderate), +++ – potentiation ≥ 250 % (strong). For exact values of potentiation at GABAA receptors containing 
distinct α subunits, please refer to Figure 1. 



Ligands that selectively potentiate GABAA 
receptors containing the α5 subunit 

 



Example of a mouse neuropharmacokinetic study at two doses and in both sexes, with 
measurement of the parent molecule and its active metabolite in parallel 

Dose (mg/kg) Sex Compound 

Plasma parameters Brain parameters 

Unbound 
Cmax 

(ng/mL) 

Unbound AUClast 
(ng•h/mL) 

Unbound 
Cmax 

(ng/g) 

Unbound AUClast 
(ng•h/g) Kp,uu,brain 

10 

Male 
PAR 596.91 ± 59.57 1190.81 ± 182.99 101.43 ± 14.43 

135.57 ± 17.57 0.11 ± 0.01 

MET 5.74 ± 0.37 18.95 ± 3.04 11.00 ± 7.85 
17.65 ± 8.21 0.94 ± 0.44 

Female 
PAR 583.21 ± 118.68 1250.29 ± 35.89 75.71 ± 14.85 

146.24 ± 17.64 0.12 ± 0.01 

MET 5.98 ± 0.22 27.42 ± 6.73 9.58 ± 2.97 
22.68 ± 2.40 0.86 ± 0.19 

60 

Male 
PAR 4460.62 ± 647.34 14155.58 ± 

1779.64 753.08 ± 114.34 
2394.52 ± 309.53 0.17 ± 0.01 

MET 19.23 ± 2.11 128.83 ± 20.62 92.97 ± 12.77 
780.78 ± 80.14 6.14 ± 0.81 

Female 
PAR 3353.97 ± 491.77  12205.66 ± 

1200.87 545.73 ± 65.14 
1821.04 ± 181.73  0.15 ± 0.01 

MET 23.58 ± 4.13 149.68 ± 19.49 93.64 ± 15.03 
709.97 ± 85.62 4.77 ± 0.59 





In closing… 
• There are distinct methodological hurdles that govern selection of 

techniques to be used (e.g. many substances may stick to the membrane 
of the microdialysis probe) 

• Neuropharmacokinetic assessment of biologicals is especially challenging 
(the premise on the lack of brain exposure to such pharmaceuticals is 
misleading) 

• The establishment of clear guidelines for the assessment of Kp,uu,brain by 
regulatory authorities is still pending 

• The critical moment in translational approach is to select a 
pharmacological marker that reflects the desired therapeutic effect as 
accurately as possible 

• Wider use of translational brain imaging technologies (such as PET) in 
CNS drug development programs would increase the translational 
validity of neuropharmacokinetic studies (but: general lack of tracers 
that would be highly selective for subpopulations of receptors in vivo, 
such are each of the four populations of GABAA receptors) 



Artificial intelligence and the human race: Is it easier to create a 
shared brain than to use one's own? 
 
Vesna Knežević, journalist 
 
 
 
In reality, artificial intelligence possesses the consciousness of 
a graphite pencil 
 
Sepp Hochreiter, a pioneer in the field of Artificial Intelligence 
 
 
 
How about neuropharmacokinetics? 
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