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EPR Lab
• EPR Laboratory is an integral part of the Center for Physical Chemistry of Biological Systems and

BioScope Labs Consortium, located at the Faculty of Physical Chemistry, University of Belgrade. The
Center represents the scientific and research team of experts in various aspects of up-to-date
problems in the field of physical chemistry of biological systems.

• The Center aims to educate young researchers through master, doctoral and post-doctoral programs in
the field of biophysical chemistry at the Faculty of Physical Chemistry, University of Belgrade.

Equipment:

Bruker Biospin Elexsys II E540EPR spectrometer

• Two microwave bridges for X- (9.5GHz) and L-
band (1.2GHz).

• Two resonators for X-band and three resonators
for L-band.

• Accessories for measuring at liquid N2 (100-350K)
and liquid He (4-100K).

• Full EPR spectroscopy and EPR imaging
capabilities.



What is EPR?

• EPR is a magnetic resonance technique that detects unpaired electrons in paramagnetic 
substances. 

• Unpaired electrons occur in free radicals and many transition metals.
• EPR is the only technique that unambiguously detects free radicals.



• Free radicals (e.g. hydroxyl radical, superoxide, etc.) are notorious reactive species, which
are generated in all biological systems.

• Radicals can provoke damage to DNA, proteins, and cell-membranes, and are related to
many pathophysiological conditions.

• To fight increased production of free radicals and to deal with radical-related diseases,
efficient antioxidants ought to be developed.

EPR Lab
Free radicals and antioxidants

• Antioxidants are molecules capable of
slowing or preventing the oxidation of
other molecules, by removing or
dismutating free radicals.

• Antioxidants can be found in plants,
traditional medicaments, or can be
chemically synthesized compounds.



EPR methods 
Determining antioxidative capacity 

• EPR spectroscopy could be used to detect, quantify production
and removal of various free radical species by antioxidants.

• Current investigations are mainly based on using different
types of biological-irrelevant organic radicals (like DPPH) to
evaluate antioxidative capacity of different antioxidants.

• Our investigations are focused to:

1. Determine antioxidative capacity of antioxidants to remove
biological-relevant ROS like ˙OH, ̄O2˙, NO˙, Asc˙ ONOO⁻ etc.
(generated by well-known radical-generating systems).

2. Determine antioxidative capacity of antioxidants to remove
commercially available long-lived radicals.

3. Determine the ability of antioxidants to prevent lipid
peroxidation induced by ROS and RNS (using liposomes as
artificially constructed membranes).



EPR methods 
Determining antioxidative activity for water insoluble antioxidants

What about water-insoluble antioxidants?

• Many most effective antioxidants are water-insoluble and determining their
antioxidative capacity towards ROS and RNS is a difficult task.

• Using EPR, we are able to
determine antioxidative capacity
of any compound, including ones
which are insoluble in water.

• This method is exclusively
developed by EPR Lab as a part of
BioScope Labs Consortium.



EPR methods 
Determining antioxidative activity towards short-lived radicals 

EPR spin-trapping

• Oxidative stress induced by the production of short-lived radical species contributes to numerous
pathophysiological conditions such as development of cancer, neurodegenerative, and cardiovascular diseases.

• A variety of measurements of oxidative stress markers in biological systems have been developed; however,
many of these methods are not specific and can produce artefacts.

• EPR is a unique tool that allows measurements of short-lived free radicals like ˙OH, ̄O2˙, NO˙ etc.
• The method developed for this purpose is known as EPR spin-trapping (see picture below).
• Using selected spin-traps we are able to detect production of short-lived radicals, as well as to determine

antioxidative activity of selected antioxidants towards short-lived ROS or RNS in extra- or intra-cellular space.

● OH+

Spin trap Short-lived radical Long-lived spin adduct



EPR methods 
Determining antioxidative activity in vivo 

What about in vivo experiments?

• Experiments towards determination of antioxidative activity of
different compounds (and the visualisation of their
performance) could also be executed in vivo using EPR
spectroscopy and imaging.

• Using L-band EPR spectroscopy and
imaging, we are capable to test
whether selected antioxidants also
work in in vivo conditions.

• All experiments including animals
(mice and rats) are performed in
accordance with the “Animal testing
regulation laws”. In vivo EPR measurements

Free radicals in vivo
EPR spectroscopy

Free radicals in vivo 
EPR imaging



EPR methods 
Spin-labelling

EPR spin-labelling of membranes and proteins

• The method in which specially designed EPR active molecules called spin-labels are used.
• These molecules are used to label the membrane (plant, animal or liposome) in order to evaluate

the properties of the membrane (e.g. fluidity).
• This method could reveal the existence of the process of lipid peroxidation by different ROS.
• Spin labelling method could also be used for labelling proteins and evaluation of their

conformational changes.

Spin-label 5-MSL covalently 
bound to Cys-34 of BSA

The EPR spectrum of 
5-MSL bound to BSA 



EPR methods 
EPR or metalloproteins and protein radicals

• These types of EPR measurements are performed
at low temperatures, 77K (liq.N2), and 4K (liq.He).

• We can identify metal-coordination features of
metalloproteins that contain transition metal ions
(e.g. V, Cr, Mn, Fe, Ni, Cu), metal oxidation states,
and types of ligands.

• We can detect and quantify thiyl and tyrosyl
radicals in different enzymes.

• Image on the left shows 20K EPR spectra of a) the
Mn(III)Fe(III) dimetal center in the R2 subunit of
Chlamydia trachomatisribonucleotide reductase
(RNR), and b) octahedrally bound Mn(II) in
reconstituted mouse Y177F R2 RNR mutant
protein.

Low temperature studies of metalloproteins and protein radicals



EPR methods 
In vivo spectroscopy of small animals for detection of NO and ROS

Investigating the pharmacokinetics of nitroxides

• These experiments include investigating the
pharmacokinetics of nitroxides measured using L-
band EPR resonators in which small animals (e.g.
mice or rats) are placed.

• EPR signal diminishes due to the clearance but
also due to the reduction by endogenous
scavengers.

• This way we can monitor BBB permeability (e.g.
BBB damage in neurodegenerative diseases) or
the total antioxidative capacity of target tissues or
organs.

• The paramagnetic properties of nitroxides (or
trapped radicals) could simultaneously serve as
MRI contrast agents.



EPR methods 
EPR spectroscopy and imaging – topical applications

Topical applications - skin

• Directly monitor the effect of drugs on skin
(by detecting drug induced radical formation
under pertinent therapeutic conditions).

• Explore the effect of UV light on skin (UV light
presents potent oxidative stress in the skin).

• Monitor topical applications of liposomes as
delivery system of hydrophilic substances
through the skin (nitroxides as surrogate
drugs).

• Early detection skin malignant melanoma at
initial stage of development.

• Monitor controlled release from implantable
devices – nitroxides as surrogate drugs.



Pharmaceutical applications of EPR 
Why detecting free radicals and transition metals in drug products?

• There are at least 5 areas of interest where EPR spectroscopy is beneficial: 



Pharmaceutical applications of EPR 
I. Detecting and evaluating degradation

API (Active Pharmaceutical Ingredient)



Pharmaceutical applications of EPR 
I. Detecting and evaluating degradation

• How we can help you? 



Pharmaceutical applications of EPR 
I. Detecting and evaluating degradation



Pharmaceutical applications of EPR 
II. Optimizing stability and shelf-life
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II. Optimizing stability and shelf-life

• How we can help you? 



Pharmaceutical applications of EPR 
II. Optimizing stability and shelf-life



Pharmaceutical applications of EPR 
III. Reaction monitoring
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Pharmaceutical applications of EPR 
III. Reaction monitoring



Pharmaceutical applications of EPR 
III. Reaction monitoring



Pharmaceutical applications of EPR 
IV. Sterilization processes



Pharmaceutical applications of EPR 
IV. Sterilization processes

• How we can help you? 



Pharmaceutical applications of EPR 
V. Paramagnetic impurity profiling



Pharmaceutical applications of EPR 
V. Paramagnetic impurity profiling

• How we can help you? 



Pharmaceutical applications of EPR 
V. Paramagnetic impurity profiling

Case study: Tween 20 autoxidation

• Polysorbate 20 used in drug formulation as a stabilizer undergoes autoxidation.
• Autoxidation is catalysed by transition metals and results in side-chain cleavage and free

radical formation.
• With EPR, we can detect, identify and quantify the free radical impurities.



EPR Lab

• For more information please visit our site: 

www.bioscope.ffh.bg.ac.rs


