
Raman spectroscopy: a versatile and accurate technique that 
showcases solutions in diagnostics and in nanomedicine

Theoretical background and rationale for the use of Raman Spectroscopy

Raman 
Spectroscopy

Specifically 
detects 

molecular and 
biochemical 

changes
Provides 

interpretable 
spectra in a 

complex aqueous 
environment

Ability to develop 
real time or near 

real time 
analyses

Integrated with 
confocal 

microscopy for 
mapping and 

complex analyses

Nondestructive 
and 

noninvasive

Not reliant on 
labels

• Inelastic scattering which Raman spectroscopy depends on is a relatively weak 
signal

• Signal potentiation techniques such as SRS, SERS, CARS have lead to reduced 
acquisition times and increased signal strength which improve diagnostic 
utility and potential for in-vitro/in-vivo imaging

Cancer diagnostics
• Real time delineation of healthy from diseased tissue with the use of a SRS 

technique → based on lower relative content of lipids in tumors as compared to 
non-diseased tissue (2930-2845cm-1). 

Microorganism typing

• Typing of Mycoplasma pneumoniae in a fast, reliable manner with accuracy similar 
to gold standard techniques → SpectraCell RA Analyzer, Bio particle explorer →
based on difference in carotenoid content (1157 cm-1 and 1525 cm-1)

Nanomedical research
• Coupling with confocal microscope → high lateral, axial resolutions and improved 

sensitivity → cell mapping possible
• Not reliant on labels → direct insight into nanoparticles and  cells spectral features
• With the use of enhancement techniques nanometer resolution can be achieved 
• Raman spectroscopy with/without the use of enhancement techniques can be 

effectively used for the analysis of uptake and intracellular fate of nanoparticles  
• Can extract complex biochemical information from intracellular compartments and 

potentially determine in-vitro efficacy

Micro-Raman spectroscopy for the detection of non-labeled and oil-red O labeled PEGylated liposomes in 
hCMEC/D3 cells

What was done

1. Preparation of pegylated-
lecithin/cholesterol Oil red O labeled and 
non-labeled liposomes

2. Physical characterization of the prepared 
liposomal dispersion

3. Internalization studies of pegylated-
lecithin/cholesterol Oil red O labeled and 
non-labeled liposomes on a monolayer 
of hCMEC/D3 blood brain barrier cells 

4. Examining the internalization in the cell 
culture monolayer with the use of 
fluorescent microscopy

5. Examining the internalization in the cell 
culture monolayer of labeled and non-
labeled liposomes with the use of 
Raman micro-spectroscopy

Results and discussion

1. Non-labeled and Oil red O labeled liposomes 
showed no significant differences in the ζ-
potential, Z-average hydrodynamic diameter and 
PDI

2. Stability of the label was confirmed using UV 
spectroscopy of the nanoliposome eluates during 
preparation

Appropriateness of the labeled system

Characterization of Raman spectra

1. Raman spectra of Oil red O labeled liposomes and 
cells incubated with Oil red O liposomes had 
bands characteristic of the label as the 
predominant motif (Figure 1)

2. The Raman spectra of the non-labeled liposome 
samples showed distinct peaks which could be 
detected after internalization (Figure 2)
• Insight into the location of recording 

(cytoplasm/cell membrane; 2800 cm-1-3100 cm-1) 
as well as the trans gauche ratio of the lecithin 
lipid chains (1030-1150 cm-1) of the liposomes 
could be gained from the spectra 

• The absence of other strong signals in the complex 
cellular environment around 980 cm-1 (O-C-C-N+) 
make it appropriate for liposome detection
• The nature of the combined O-C-C-N+ choline 

headgroup of lecithin signal allows for the 
differentiation of liposome samples with dissimilar 
conformation

(Fig. 2) Raman spectra of liposomes (L), cells incubated with liposomes (CL) and control 
cells (CC)

(Fig. 1) Raman spectra of oil red (OR), oil red labeled liposomes (ORL) and cells incubated 
with labeled liposomes (CLL)

Conclusions

1. Raman spectroscopy is a technique which has wide 
applications in the development of therapeutic nano 
systems with satisfactory sensitivity in the analysis of 
both labeled and non-labeled systems

2. The possibility of the analytical technique to provide 
complex information for non-labeled samples is a 
significant advantage in terms of retaining the 
original chemical/physical properties of the 
liposome. Multivariate analysis could be used for 
detailed study of the intracellular localization as well 
as the quantitative studies of internalization of non-
labeled systems

Relevant Raman spectra
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