
This study presents the first whole-body PBPK model capable of describing 
oligonucleotide pharmacokinetics across species and modalities. The model 
provides critical mechanistic insights into tissue-specific targeting and highlights 
the potential of sustained-release formulations to optimize therapeutic 
outcomes by reducing receptor saturation and enhancing specificity.

Leveraging PBPK Modelling to Optimize Oligonucleotide Therapeutics: 
Sustained-Release Strategies for Enhanced Targeting Specificity

Abdallah Derbalah, Felix Stader, Cong Liu, Adriana Zyla, Armin Sepp

Certara UK Ltd., Certara Predictive Technologies division

Background & Objective

Methods

Non-Conjugated ASO – Rats – IV

Modelling Platform

[1] Matthews RJ et al. CPT: Pharmacometrics & Systems Pharmacology 2023, 12(7):889-903.
[2] Zhang R et al. Biochem Pharmacol 1995, 49(7):929-939.
[3] Cossum PA et al. J Pharmacol Exp Ther 1993, 267(3):1181-1190.
[4] Peng B et al. Antisense Nucleic Acid Drug Dev 2001, 11(1):15-27.
[5] Phillips JA et al. Biochem Pharmacol 1997, 54(6):657-668.
[6] Agrawal S et al. Proc Natl Acad Sci U S A 1991, 88(17):7595-7599.
[7] Rifai A et al. Am J Pathol 1996, 149(2):717-725.
[8] Sands H et al. Mol Pharmacol 1995, 47(3):636-646.
[9] Watanabe A et al. J Pharmacol Exp Ther 2016, 357(2):320-330.
[10] Yu RZ et al. Mol Ther Nucleic Acids 2016, 5(5):e317.
[11] Nair JK et al. Nucleic Acids Res 2017, 45(19):10969-10977.

References

• Oligonucleotides intracellular delivery can be challenging due to their size and 

polarity.

• Several approved agents successfully targeted the liver by leveraging through 

conjugation with GalNAc leveraging the hepatic ASGPR receptors.

• This study presents a mechanistic whole-body physiologically based pharmacokinetic 

(PBPK) model to predict oligonucleotide tissue distribution.

• The study highlights how sustained-release formulations can mitigate receptor 

saturation, thereby enhancing targeting specificity and reducing off-target exposure.

Generic Organ Structure

Data Collection and Modelling Approach

• The PBPK model was developed based on a biologics PBPK platform implemented in 

SimCyp Designer (V2.0.0.53; Certara, Sheffield, UK) [1].

• The platform allows a generic structure of a bodily tissue to be specified (Figure 1), 

then, the whole-body PBPK model is automatically built.

• The automation allows large PBPK models with several hundreds of ODEs, and 

thousands of reactions, parameters, and rules to be effortlessly and accurately 

generated.
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Figure 1 Schematic presentation of the key pharmacokinetic processes and parameters of the generic organ model.

Results

• Non-conjugated ASO data following IV administration in rats was used to estimate 

the linear uptake (𝑘𝑢𝑝𝑜𝑟) and redistribution (𝑘𝑟𝑒𝑑𝑜𝑟) rate constants for each of the 

observed tissues.

• The fitted model was then validated against other ASO data from mice and rats 

following both IV and SC administration.

• Receptor Mediated endocytosis was then added to the model and parameterised for 

ASGPR-GN3 receptor ligand pair using literature values.

• The model was validated against IV and SC administered GN3-conjugated siRNA 

plasma and liver PK data.

Oligonucleotide Type Dose (route) Species Measurement Reference

Non-conjugated ASO 30 mg/kg (IV) Rats Plasma, kidney, liver, heart, bone, 

spleen, lung, pancreas, and gut.

[2]

Non-conjugated ASO 3.6 mg/kg (IV) Rats Liver, kidney, lung, and bone. [3]

Non-conjugated ASO 10 mg/kg (IV) Rats Plasma, liver, kidney, and gut. [4]
Non-conjugated ASO 0.6 mg/kg (IV) Rats Plasma, liver, kidney, spleen, bone, 

and lung.

[5]

Non-Conjugated ASO 30 mg/kg (IV) Mice Plasma, liver, kidney, heart, gut, 

lung, and spleen

[6]

Non-conjugated ASO 1 μg (IV) Mice Plasma, liver, kidney, heart, gut, 

lung, and spleen

[7]

Non-Conjugated ASO 6 mg/kg (IV) Mice Plasma, liver, kidney, heart, lung, 

and spleen

[8]

Non-Conjugated ASO 1 mg/kg (SC) Mice Liver [9]

GN3-Conjugated ASO 140 mg/kg (SC)* Mice Plasma, liver, kidney [10]

GN3-Conjugated siRNA 10 mg/kg SC Mice Plasma, liver, kidney [11]

Figure 2: Model predicted tissue concentration-time profiles (solid black line) versus dose-
normalised tissue concentration from different rats studies of non-conjugated ASO. Data 

from [2] was used for training whereas the rest of the data were for validation only.

Non-Conjugated ASO – Mice – IV

Figure 3: Model predicted tissue concentration-time profiles (solid black line) versus dose-
normalised tissue concentration from different mice studies of non-conjugated ASO. None of 

the data were used to train the model.

GN3-Conjugated Oligos – Mice – SC

Figure 4: Model predicted tissue concentration-time profiles (solid black line) versus dose-
normalised tissue concentration of GN3-conjugated ASO (A)[10] and GN3-conjugated 

siRNA (B)[11]. None of the data were used to train the model’s system parameters.
* Multiple doses

Table 1: Summary of published data used to develop and validate the PBPK model. Green row: data used in 
training; Yellow rows: data used in validation.
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Specific vs Non-specific Uptake

Figure 5: Fraction internalised by liver cells of an SC administered GalNAc-siRNA through 
non-specific and ASGPR-mediated uptake pathways.

GN3-Conjugation vs Liver and Kidney Uptake

Figure 6 Model predicted cellular uptake of GalNAc-conjugated and non-conjugated siRNAs 
in mice liver and kidney

Sustained Release Formulations

Figure 7: Liver and Kidney uptake of a sustained release formulation of a GalNAc-siRNA 
across varying doses and release durations
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