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metal-based ANTICANCER AGENTS

cisplatin

main pharmacological
TARGET

DNA-damaging
covalent bonding



DNA proteins

enzymes ?

searching for
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improve
effectiveness

&
minimise

toxicity/resistance

MULTITARGET APPROACH



may a drug affect
the highly crowded intracelular medium?

disrupting the coherent

DYNAMICS / STRUCTURE of cellular water 
DISTURBING NORMAL CELLULAR FUNCTIONINTERFERING WITH CELL GROWTH

searching for new DRUG TARGETS



cell culture lab

beam

drug-treated cells
5x106 cells per sample
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effect on INTRACELLULAR WATER – cytoplasm
biomolecule´s hydration layers

Quasi-elastic NEUTRON SCATTERING

Marques et al. PCCP 19 (2017) 2702. Marques et al., J.Phys.Chem.B 123 (2019) 6968. Marques et al., Molecules 25 (2020) 246. 
Batista de Carvalho et al. PCCP 21 (2019) 4162. Marques et al., Int.Rev.Phys.Chem. 39 (2020) 67.

DNA´s HYDRATION WATER
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drug

control
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drug-prompted
concentration-dependent
restricted mobility

biomolecule

cytoplasmic waterhydration layer

drug-triggered reorganisation of H-bonding network

DRUG

8 µM

20 µM

biomolecule

cytoplasmic waterhydration layer

proposed interpretation of the data



drug-prompted disruption
of the hydration layers

associated to
drug-triggered conformational changes in biomolecules

biomolecule

cytoplasmic waterhydration layer DRUG

8 µM

20 µM

biomolecule

cytoplasmic waterhydration layer

proposed interpretation of the data



different

intracellular water dynamics

for malignant vs healthy cells

dynamics probed
at ps & ns
timescales

distinct impact
for different drugs

Pt vs Pd



INTRACELLULAR
WATER

mediator of
malignancy

&
drug´s cytotoxicity



burning

characterisation of HUMAN BURNED BONES

AIM – identification of victim´s from fires/explosions
archaeological studies



microscopic changes
crystallinity

osteometrics for unburned bones
is inapplicable

NO CHARACTERISATION
is possible

macroscopic changes
colour, dimensions

heat
burning events

Burned Skeletal Remains



modern human bones
burned at controlled lab conditions

REFERENCE COLLECTION          

forensic & archaeological
skeletal remains

REAL CASES

RSC Adv. 6 (2016) 68638. Am.J.Phys.Anthropol. 166 (2018) 296. RSC Adv. 9 (2019) 36640.
RSC Adv. 8 (2018) 27260. Anal.Chem. 90 (2018) 11556. Sci.Rep. 8 (2018) 15935. 



presence of protein
and lipids

assignment of
all bioapatite OH bands in human bone

Inelastic NEUTRON SCATTERING
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structure/crystallinity

heat-induced changes
vibrational

profile

identify reliable spectral biomarkers for routine use
quantitative relationship unburn the bone



Archaeological samples – human skeletal remains
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Roman period – Guidonia
one skeleton – same tomb
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just one skeleton
foetal position

burned inside the grave
from right to left

1

2

3

very diverse
heating conditions 

600 ºC

800 ºC

400 ºC
400 ºC

600 ºC

800 ºC

Appl.Spec.Rev. 53 (2018) 603. Sci.Adv. 5 (2019) eaaw1292. Spec.Europe 31 (2019) 18. Sensors 20 (2020) 502. 
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Energy transfer (meV)

cisplatin-treated cells (8 µM) – 298 K (human triple negative breast cancer)

Delta
very slow global motions – largest organelles&cytoskeleton

Lorentzian (Q-dependent)
translational motions – slow diffusion of intracellular water

Lorentzian (Q-independent)
fast localised motions – internal motions of biomolec

& rotation of intracellular water

Lorentzian (Q-dependent)
translational motions – slow diffusion of hydration water

Fit

to represent several dynamic componentes within the cell
fitting QENS data



samples burned under controlled conditions
400 to 1150 ºC (combustion/120 min)

Femur – 400 ºC

Femur – intact

Femur – 1000 ºC

Reference collection of human skeletons
Lab Forensic Anthropology – Univ Coimbra (Portugal)



quantitative relationships
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