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Report: 
Aims of the experiment and scientific background 
Ruthenium compounds belong to the most promising candidates of non-platinum containing metal complexes 
for cancer therapy. Compared to Pt drugs Ru complexes cause less side effects and resistances against the 
drug are less likely.1,2 The overall chemical and pharmacokinetic behavior of Ru is quite different from Pt 
compounds, as reflected in extensive protein binding 3 which questions the relevance of DNA interactions in 
vivo. KP1019 (indazolium-trans-[tetrachlorobis(indazole)ruthenate(III)]),4,5 and its sodium analogue KP1339 
(sodium-trans-[tetrachlorobis(indazole)ruthenate(III)])4,5 are very promising drug candidates currently under 
investigation. The redox potential of Ru(III)/Ru(II) is physiologically accessible and the activation of the 
drugs through reduction to Ru(II) is thought to play an important role in their mode of action. Therefore X-
ray absorption spectroscopy was used to find out which oxidation state of the tumor-inhibiting compound 
and which first coordination sphere in vitro and in vivo is most likely. A database of different ruthenium 
compounds representing possible first coordination spheres and oxidation states in vivo was established. 
Spectra of KP1019 in BN and mice tissues (tumor S-180 and liver) from KP1019 and KP1339 treated mice 
were collected. The aim of the study is a fundamental understanding of the biotransformation of the 
ruthenium complexes KP1019 and KP1339 in biological tissue, and the underlying principle of “activation 
by reduction”. Information about possible oxidation state/ coordination pairings will give insight into the in 
vivo metabolism of these metallodrugs and reassess the interaction with the hypothesized molecular targets. 
Results 
XANES and EXAFS spectra were collected at the Ru K-edge at 20 K. Ru powder was used as a reference 
compound for the energy calibration and to check the monochromator stability. The samples were enclosed 
in Kapton sealed aluminum sample holders. EXAFS spectra of Ru model compounds with mixed first 
coordination shells of Cl, N, O and S in oxidation states +2 and +3 were colected. K-edge spectra of KP1019 
in the prescence of different possible biological target molecules and of tissue samples derived from KP1339 
treated mice were collected as well. 



 

In Fig. 1 (left) and (right) the XANES spectra of the model compounds are shown. Their egde positions are 
clearly influenced by two phenomena, the oxidation state of the ruthenium center and the electronegativity of 
the sourrounding ligands. The complexes with higher oxidation state and more electronegative ligands are 
shifted to higher energy positions. As described in 6 a correlation of the edge position and the calculated 
coordination charge can be drawn. The electronegativity values of S, Cl, N and O were taken form the 
Allred-Rochow scale and are 2.4, 2.8, 3.1 and 3.5, respectively. The coordination charges are plotted over the 
edge energy values in Fig. 2 (right), with KP1019 set as an arbitrary zero point. The edge energies were 
determined over the first maximum in the first derivative. 
In Fig. 2 (left) the XANES spectra of a tumor and liver tissue in comparison to KP1019 in boron nitride are 
shown. The coordination of KP1019 in the two tissue samples seems to be the same but different from the 
pure Ru-drug. The edge shift of the biological samples and KP1019 in buffer in comparison to KP1019 as a 
solid is shown in Fig. 2 (left). 

 
Fig. 1: XANES spectra of the chlorine and sulfur rich models (left) and the nitrogen and oxygen rich models (right). 

 
Fig. 2: XANES spectra of a tumor and liver sample (left) and the coordination charge versus energy plot (right). 
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