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1. Modeling by analogies:

Assumption 1: Plutonium can be 

incorporated by injection, ingestion, a 

wound (invulneration) or inhalation. 

Assumption 2: Plutonium occurs in 

compounds of oxidation levels +III to +VII. 

Mammalian fluids, such as blood plasma, 

urine and tissue fluids are dominated by 

Pu(IV) because most endogenous ligands 

stabilize this state of oxidation.

Assumption 3: The similarities of the 

chemical and biological transport and 

distribution properties of Fe(III) and Pu(IV)

are remarkable. Plutonium is transported 

in the body in a similar way as iron.

* Ansoborlo E, Bion L, Doizi D, Moulin C, Lourenco V, Madic C, Cote G, Van der Lee J, Moulin V. Current and future 

radionuclide speciation studies in biological media. Radiat Prot Dosimetry. 2007;127(1-4):97-102. Epub 2007 Jun 19. 

log K(Pu(IV)-ligand) / log K(Fe(III)-ligand) ~ (1 : 1)

*

Physiologically based biokinetic models –

The biokinetics of Plutonium

mailto:jutta.schimmelpfeng@kit.edu
mailto:jutta.schimmelpfeng@kit.edu


jutta.schimmelpfeng@kit.edu –

EURADOS WG7.2, 15.09.2011 in Gent
4jutta.schimmelpfeng@kit.edu –

EURADOS WG7.2, 15.09.2011 in Gent
4

1. Modeling by analogies:

Assumption 4: Fe3+ and Al3+ ions also 

show chemical similarity with respect to 

equivalent binding behavior. 

Assumption 5: Major reaction partners

are transferrin and citrate in the blood 

and in the extracellular fluid. That applies 

to plutonium and to aluminium. 

“The radius of Al3+ most resembles that 

of Fe3+ (Martin 1986). Thus appearance 

of Al3+ in Fe3+ sites seems likely.”

„Aluminium will follow many of the 

metabolic pathways that exist for iron.

This linkage is well established (Priest, 

2004).“

„Martin also suggests that, based on 

consideration of stability constants

plasma aluminium will bind to both 

transferrin and citrate“.

Conclusion: The similarities of the chemical and biological transport and distribution properties of 

Fe(III), Al(III) and Pu(IV) are remarkable. Why not use them to create a physiological biokinetik model 

for plutonium.
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1. Modeling by analogies: Summary

Figure 2. Basic physiological-based compartment model *

for the biokinetics of plutonium. 

This model is based on conclusion by analogy, 

precisely because Pu(VI), Fe(III) and Al(III) show 

comparable chemical and physiological behavior 

in the body. 

Relevant chemical reactions are modeled in their 

anatomical structures.

Transport rate and time constants between the 

compartments might be similar to those in the 

aluminium model by Nolte et al. (2001).

* Schimmelpfeng, J.: Physiology-based modelling in radiation research 

– The biokinetics of Plutonium. Radiation Protection Dosimetry 136 (2), 74-81, 2009.
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Durbin WP, Kullgren B and Schmidt CT: Circulatory kinetics of intravenously injacted 238Pu(IV) citrate and 
14C-CaNa3-DTPA in mice: Comparison with rat, dog and Reference Man. Health Physics  72 (2), 222-235, 1997

Parameterisation 

of the physiological 

basic Pu-model by 

analogy (Sch09) 

with these data 

from Durbin et al. 

(1997)
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1. Modeling by analogies

2. Pharmacokinetic modeling

3. Biochemical modeling

Willmann S., Lippert J., Sevestre M., Solodenko J., Fois F. and 

Schmitt W.: PK-Sim®: a physiologically based pharmacokinetic 

„whole-body‟ model,  BIOSILICO Vol 1, No. 4,  pp 121-124, 2003
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PK-Sim® is an innovative „whole-body‟ physiology-based 

pharmacokinetic (PBPK) simulation software of Bayer Technology 

Services [Wil03]. 

Stefan Willmann1, Christoph Niederalt1 and Jutta Schimmelpfeng2. 

Physiologisches pharmakokinetisches Modell von Bayer TS und 

Simulationsergebnisse für DTPA; Jahresbericht 2010, Institut für 

Strahlenforschung,  KIT Scientific Publishing 2011, S. 104-110.
1Bayer Technology Services, Leverkusen
2 KIT, Karlsruhe

2.  Pharmacokinetic modeling – DTPA :

Physiologically based biokinetic models –

The biokinetics of DTPA

Lipophilicity - Partition coefficient between lipid membranes and water
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2.  Pharmacokinetic modeling:

Physiologically based biokinetic models –

The biokinetics of DTPA

Willmann, S., Niederalt, C. und Schimmelpfeng, J.: Physiologisches 

pharmakokinetisches Modell von Bayer TS und Simulationsergebnisse für 

DTPA; Jahresbericht 2010, Institut für Strahlenforschung,  KIT Scientific 

Publishing 2011
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2.  Pharmacokinetic modeling – Interspecies comparison:

Physiologically based biokinetic models –

The biokinetics of DTPA

[Durbin et al., 1997]
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Willmann, S., Niederalt, C. und Schimmelpfeng, J.: Physiologisches 

pharmakokinetisches Modell von Bayer TS und Simulationsergebnisse für 

DTPA; Jahresbericht 2010, Institut für Strahlenforschung,  KIT Scientific 

Publishing 2011
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2.  Pharmacokinetic modeling - Summary and outlook:

• Biokinetic simulations can be done on the basis of a mathematical representation of the

determinant physical and physiological processes (e.g. with the pharmacokinetic simulation

software PK-Sim®).

• In case of DTPA the simulation with PK-Sim® added up that the test persons in the DTPA study 

of Stather et al. (1983) had a renal clearance rate higher than the physiological average.

• The DTPA interspecies comparison with the software PK-Sim® (concentration-time curve in 

blood) led to similar results compared as experimental studies with animals and human test 

persons (Durbin et al., 1997).

• The biokinetics of Plutonium-DTPA should be very similar to that of DTPA, because the ligand

DTPA mainly determines the behaviour of its metal-ligand chelates in the human body. 

Physiologically based biokinetic models –

The biokinetics of Plutonium and DTPA
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Physiologically based biokinetic models –

The biokinetics of DTPA

B. Breustedt, B.; E. Blanchardon, P. Berard , P. Fritsch, A. Giussani, M.A. Lopez, A.

Luciani, D. Nosske, J. Piechowski, J. Schimmelpfeng, A.-L. Sérandour: BIOKINETIC

MODELLING OF DTPA DECORPORATION THERAPY: THE CONRAD APPROACH.; Radiation

Protection Dosimetry Feb;134(1):38-48, 2009.

3. Biochemical modeling:

The CONRAD APPROACH

Blood

Lymph

Interstitial fluid

ECF
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3.  Biochemical modeling:

• Biodistribution (relevant molecules

in physiological compartments)

• Physiological concentrations

• Stability constants

Physiologically based biokinetic models –

The biokinetics of Plutonium and DTPA

Schimmelpfeng, J. Breustedt, B. and Urban, M.: Physiology of the

biokinetics of plutonium, DTPA and decorporation therapy. HEIR 2009 10th

International Conference on the Health Effects of incorporated radionuclides”.

Santa Fe, New Mexico, USA. 10-14 May 2009. (www.Irri.org/HEIR/).
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Physiological concentrations of  citrate, transferrin and DTPA 

in human blood plasma and interstitial fluid  
(Schimmelpfeng, 2011)

• Physiological concentrations of 

major reaction partners

3.  Biochemical modeling: 

Physiologically based biokinetic models –

The biokinetics of Plutonium and DTPA

Schimmelpfeng, J.: Physiologische Biokinetik von Plutonium und DTPA; 

Jahresbericht 2010, Institut für Strahlenforschung, KIT Scientific Publishing 

2011

mailto:jutta.schimmelpfeng@kit.edu
mailto:jutta.schimmelpfeng@kit.edu


jutta.schimmelpfeng@kit.edu –

EURADOS WG7.2, 15.09.2011 in Gent
16jutta.schimmelpfeng@kit.edu –

EURADOS WG7.2, 15.09.2011 in Gent
16

DTPA has similar stability constants for plutonium

as transferrin !

log(KML(Pu(IV)-citrate)        ≈ 15 - 16

log(KM1L(Pu(IV)-transferrin) ≈ 23 (Pu-Tf = 1:1)

log(KM2L(Pu(IV)-transferrin)   ≈ 30

log(KM1L(Pu(IV)-DTPA)       ≈ 23 (Pu-DTPA = 1:1)

log(KM2L(Pu(IV)-DTPA)       ≈ 30

Stability constants

3.    Biochemical modeling:  

Physiologically based biokinetic models –

The biokinetics of Plutonium and DTPA

Schimmelpfeng, J.: Physiologische Biokinetik von Plutonium 

und DTPA; Jahresbericht 2010, Institut für Strahlenforschung, 

KIT Scientific Publishing  2011, S. 110-115
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3. Biochemical modeling - Summary and outlook:

• The biodistribution of citrate, transferrin and DTPA in anatomical compartments (human blood 

plasma, lymph and interstitial fluid) seems to be the same

• In 1:1 (metal:ligand) complexes with plutonium DTPA has similar stability constants as 

transferrin

• The physiological concentrations of  transferrin and DTPA in human blood plasma and interstitial 

fluid are different

• After the i.v. application of 1 g DTPA, DTPA has superior numbers of molecules in the human 

blood and the interstitial fluid. The DTPA molecules have a high affinity for plutonium and in the 

beginning they define the reaction equilibrium of plutonium chelates in the blood and in the 

interstitial fluid. 

Physiologically based biokinetic models –

The biokinetics of Plutonium and DTPA
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Physiologically based biokinetic models - Summary (2009-2011): 

• In summary, it can be said that the creation of a physiological plutonium model, as well as a 

physiological plutonium-DTPA model hereby succeeded. 

• Both models can be parameterized  and compared with experimental data for their verification and 

optimization.

Thank you for your attention

The discussion is open…
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