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EXPLORING POLYOXOMETALATES EXPLORING POLYOXOMETALATES 
AS NON-DESTRUCTIVE STAINING AS NON-DESTRUCTIVE STAINING 
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COMPUTED TOMOGRAPHYCOMPUTED TOMOGRAPHY
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Mirjana, Danijela Krstić

Due to the high complexity and heterogeneous structu-
re of biological tissues, imaging techniques that allow for 
precise and quantitative structural analyses of such mate-
rials are of high importance. These techniques could also 
advance clinical translation of regenerative medicine by 
providing better insights in tissue development and di-
sease. The standard techniques for evaluating biological 
tissues such as histological sectioning and staining, have a 
high discriminative power, but allow assessment of the tis-
sue distribution only in two dimensions. Due to restricted 
sectioning orientation and limited depth resolution, this 
leads to loss of information in three dimensions (3D), and 
therefore, more precise imaging of the 3D microstructure 
and spatial interrelationships of the different tissues within 
organs is crucial. MicroCT can provide full 3D structural 
information of mineralized tissues and dense biomaterials. 
However, the intrinsic low X-ray absorption of soft tissues 
requires contrast-enhancing staining agents (CESAs) to 
be used. We have shown that a range of polyoxometalate 
clusters (POMs) can be excellent non-destructive staining 
agents for high-resolution contrast-enhanced microCT 
(CE-CT) visualization of various tissues, of bone and its 
marrow vascularization and adiposity. A range of Wells-Da-
wson POMs, differing in structure and overall charge, has 
been synthesized and evaluated for their potential as soft 
tissue CESAs. We have shown that hafnium-substituted 
POM (Hf-POM) allows for simultaneous contrast-en-
hanced microCT (CE-CT) visualization of bone and its 
marrow  vascularization  and adiposity. Monolacunary 
Wells-Dawson POM (Mono-WD POM) showed simi-
lar soft tissue enhancement as Hf-WD POM and phosp-
hotungstic acid (PTA), a frequently used but destructive 
CESA. However, compared to PTA, the POMs are much 
less destructive and show a better diffusion. The solubility 
of Mono-WD POM can be improved by simple addition of 
lithium chloride to the staining solution, leading to further 
enhancement of the soft tissue contrast. In vivo toxicity of 
Wells-Dawson POM has been also evaluated according to 
standard toxicological protocols using  Wistar albino rats, 
which is the first and important step in evaluating side ef-
fects of these polyoxometalate nanoclusters that show lar-
ge potential as therapeutics and contrast agents.

Key words: polyoxometalates, contrast agents, com-
puted tomography
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MOLECULAR BASIS OF VASCULAR MOLECULAR BASIS OF VASCULAR 
AGEING AND CIRCULATING BIOMARKERS AGEING AND CIRCULATING BIOMARKERS 
ASSOCIATED WITH VASCULAR AGEING: ASSOCIATED WITH VASCULAR AGEING: 
REPORT FROM VACSAGENETREPORT FROM VACSAGENET

Eugenia Gkaliagkousi

Aging is a natural physiological process characterized by 
the progressive loss of tissue and organ function and repre-
sents the main risk factor for cardiovascular disease (CVD). 
The basic manifestation of aging, the gradual decrease in 
the adaptive abilities of the organism can play a significant 
role in the development of several other pathologies inclu-
ding malignant diseases, neurodegenerative processes, re-
duced resistance to infection and diabetes mellitus. 

Cardiovascular and cerebrovascular diseases are due 
to alterations in vascular function or are exacerbated by 
vascular functional and structural changes. The funda-
mental cellular and molecular mechanisms of aging inc-
lude: oxidative stress, chronic low-grade inflammation, 
cell matrix injury, epigenetic alterations, telomere length, 
cellular senescence and autophagy, considering in vitro 
and in vivo preclinical research and clinical studies. Oxi-
dative stress, which is a consequence of imbalance betwe-
en production and detoxification of reactive oxygen and 
nitrogen species, is one of the underlying factors in several 
diseases as well as one of the hallmarks of aging. Chronic 
low-grade inflammation is considered as one of the main 
mechanisms underlying biology of vascular aging through 
multiple mechanisms including endothelial dysfunction, 
atherosclerosis, increased vascular stiffness and vascu-
lar calcification. Disruption of ECM integrity by MMPs 
greatly changes its composition and substantially impacts 
vascular homeostasis during aging through structural and 
functional changes of the vessel wall.

DNA methylation, histone modification and non-co-
ding RNAs are epigenetic regulation processes which 
strongly influence vascular ageing. To assess the changes 
leading to biological aging, molecular and cellular bio-
markers, as well as non-invasive imaging techniques, can 
be applied. The term biomarker refers to a broad range of 
biological measures that can be objectively measured and 
evaluated as indicators of normal biological and pathoge-
nic processes

or pharmacologic responses to a therapeutic interven-
tion. Several molecules demonstrate the potential to be 
introduced as valuable circulating biomarkers of vascular 
aging. 

Key words: vascular aging, oxidative stress, inflama-
ging, epigenetics, cellular senescence
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