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Within	
  the	
   last	
  years	
  a	
  rapid	
   increase	
  of	
  applications	
  of	
  Raman	
  spectroscopy	
  to	
  address	
  biomedical	
  
questions	
  has	
  been	
  observed.	
  New	
  concepts	
  of	
  cancer	
  diagnostics	
  as	
  well	
  as	
  a	
  rapid	
  identification	
  of	
  
sepsis	
   pathogens	
   were	
   among	
   the	
   most	
   important	
   questions	
   answered	
   by	
   innovative	
   Raman	
  
approaches.	
  Here	
  we	
  describe	
  briefly	
  some	
  of	
  our	
  latest	
  results	
  concerning	
  the	
  application	
  of	
  linear	
  
and	
  nonlinear	
  Raman	
  microspectroscopy	
  for	
  biophotonics.	
  	
  

We	
   will	
   start	
   with	
   highlighting	
   the	
   potential	
   of	
   Raman	
   microspectroscopy	
   for	
   an	
   online	
   /	
   on-­‐site	
  
identification	
  of	
  microorganisms	
  [1]	
  that	
  is	
  of	
  great	
  relevance	
  for	
  an	
  efficient	
  medical	
  diagnosis	
  (e.g.	
  
rapid	
   identification	
   of	
   pathogens	
   in	
   urine	
   samples	
   [2])	
   or	
   water-­‐[3],	
   air-­‐	
   and	
   soil	
   monitoring	
   (e.g.	
  
identification	
  of	
  anthrax	
  endospores	
  embedded	
  in	
  complex	
  matrices	
  [4]).	
  In	
  addition,	
  the	
  application	
  
of	
  this	
  Raman	
  microbial	
  analysis	
  approach	
  for	
  food	
  analysis	
  that	
  is	
  for	
  the	
  detection	
  of	
  pathogens	
  in	
  
milk	
  [5,	
  6]	
  and	
  meat	
  [7]	
  is	
  highlighted.	
  

The	
   main	
   focus	
   within	
   the	
   second	
   part	
   of	
   this	
   presentation	
   is	
   concerned	
   with	
   Raman	
   studies	
   on	
  
eukaryotic	
   cells	
   for	
   biomedical	
   applications.	
   Overall,	
   we	
   will	
   report	
   about	
   the	
   great	
   potential	
   of	
  
Raman	
  spectroscopy	
  for	
  a	
   label-­‐free	
  discrimination	
  between	
  normal	
  and	
  tumor	
  cells	
  based	
  on	
  their	
  
biochemical	
   composition	
   [8,	
   9]	
   or	
   towards	
   establishing	
   a	
   Raman	
   spectroscopic	
   hemogram	
   i.e.	
  
characterizing	
   leukozytes	
   [10].	
   Thereby	
  cellular	
  Raman	
  spectra	
  were	
   recorded	
  after	
  drying,	
   in	
   laser	
  
tweezers	
  or	
  trapped	
  in	
  a	
  microfluidic	
  environment.	
  In	
  particular	
  we	
  will	
  report	
  about	
  recent	
  progress	
  
we	
   made	
   towards	
   Raman	
   activated	
   cell	
   sorting	
   (RACS)	
   by	
   coupling	
   Raman	
   spectroscopy	
   with	
  
microfluidics	
  and	
  micromanipulation	
  approaches	
  [11-­‐14].	
  	
  

Besides	
   single	
   cells	
  whole	
   tissue	
   sections	
   like	
   biopsy	
   specimens	
   can	
   be	
   characterized	
   by	
  means	
   of	
  
Raman-­‐microspectroscopy.	
  The	
  processing	
  of	
  the	
  specific	
  Raman-­‐maps	
  via	
  mathematical	
  approaches	
  
enables	
  an	
  objective	
  evaluation	
  of	
  the	
  tissue	
  samples	
  for	
  an	
  early	
  disease	
  diagnosis	
   like	
  e.g.	
  cancer	
  
[15-­‐18].	
  	
  

Besides	
   these	
  ex-­‐vivo	
   tissues	
  Raman	
  studies	
   first	
   steps	
   towards	
   in-­‐vivo	
  Raman	
  spectroscopy	
   that	
   is	
  
Raman	
   endospectroscopy	
   will	
   be	
   introduced	
   [19].	
   By	
   doing	
   so	
   novel	
   Raman	
   fiber	
   probes	
   for	
   an	
  
intravascular	
  monitoring	
  of	
  the	
  artheriosclerotic	
  plaque	
  in	
  living	
  rabbits	
  will	
  be	
  presented	
  [20].	
  	
  

The	
   low	
  Raman	
   scattering	
   cross	
   section	
   results	
   in	
   long	
   acquisition	
   times.	
  However,	
   the	
   acquisition	
  
times	
   can	
   be	
   reduced	
   by	
   utilizing	
   non-­‐linear	
   Raman	
   approaches	
   like	
   CARS	
   (coherent	
   anti-­‐Stokes	
  
Raman	
  scattering)	
  and	
  allows	
  recording	
  Raman	
   images	
  of	
  single	
  characteristic	
  Raman	
  bands	
   in	
   real	
  
time.	
   In	
  order	
   to	
   further	
   improve	
  the	
  diagnostic	
   result	
  CARS	
  microscopy	
  can	
  be	
  easily	
  extended	
  by	
  
the	
   two	
  other	
  non-­‐linear	
   contrast	
  phenomena	
   second	
  harmonic	
   generation	
   (SHG)	
  and	
   two-­‐photon	
  
fluorescence	
  (TPF).	
  Overall	
  we	
  will	
  present	
  the	
  development	
  of	
  a	
  compact	
  CARS/SHG/TPF	
  multimodal	
  
nonlinear	
   microscope	
   in	
   combination	
   with	
   novel	
   fiber	
   laser	
   sources	
   for	
   use	
   in	
   clinics	
   [21].	
   The	
  
diagnostics	
   potential	
   of	
   this	
   compact	
   multimodal	
   microscope	
   as	
   compared	
   to	
   conventional	
  
histopathological	
  images	
  has	
  been	
  demonstrated	
  for	
  the	
  examples	
  of	
  atherosclerosis	
  and	
  cancer	
  [22-­‐
27].	
  

	
  
1. S. Pahlow, S. Kloß, V. Blättel, K. Kirsch, U. Hübner, D. Cialla, P. Rösch, K. Weber and J. Popp, 

"Isolation and Enrichment of Pathogens with a Surface-Modified Aluminium Chip for Raman 
Spectroscopic Applications", ChemPhysChem 2013, 14, 3600-3605. 

2. S. Kloß, B. Kampe, S. Sachse, P. Rösch, E. Straube, W. Pfister, M. Kiehntopf and J. Popp, "Culture 
independent Raman spectroscopic identification of urinary tract infection pathogens – A proof of principle 
study", Anal. Chem. 2013, 85, 697-708. 

3. D. Kusic, B. Kampe, P. Rösch and J. Popp, "Identification of water pathogens by Raman spectroscopy", 
Water Res., 10.1016/j.watres.2013.09.030. 



4. S. Stöckel, S. Meisel, M. Elschner, P. Rösch and J. Popp, "Raman Spectroscopic Detection of Anthrax 
Endospores in Powder Samples", Angew. Chem. Int. Ed. 2012, 51, 5339-5342. 

5. S. Meisel, S. Stöckel, M. Elschner, F. Melzer, P. Rösch and J. Popp, "Raman spectroscopy as a 
potential tool for the detection of Brucella spp. in milk", Appl. Environ. Microbiol. 2012, 78, 5575-5583. 

6. S. Meisel, S. Stöckel, M. Elschner, P. Rösch and J. Popp, "Assessment of two isolation techniques for 
bacteria in milk towards their compatibility to Raman spectroscopy", Analyst 2011, 136, 4997-5005. 

7. S. Meisel, S. Stöckel, P. Rösch and J. Popp, "Identification of meat associated pathogens via Raman 
spectroscopy", Food Microbiol. 2014, 38, 36-43. 

8. U. Neugebauer, T. Bocklitz, J. H. Clement, C. Krafft and J. Popp, "Towards detection and identification of 
circulating tumour cells using Raman spectroscopy", Analyst 2010, 135, 3178-3182. 

9. U. Neugebauer, J. H. Clement, T. Bocklitz, C. Krafft and J. Popp, "Identification and differentiation of 
single cells from peripheral blood by Raman spectroscopic imaging", J. Biophotonics 2010, 3, 579-587. 

10. A. Ramoji, U. Neugebauer, T. Bocklitz, M. Foerster, M. Kiehntopf, M. Bauer and J. Popp, "Toward a 
spectroscopic hemogram: Raman spectroscopic differentiation of the two most abundant leukocytes 
from peripheral blood", Anal. Chem. 2012, 84, 5335-5342. 

11. S. Dochow, M. Becker, R. Spittel, C. Beleites, S. Stanca, I. Latka, K. Schuster, J. Kobelke, S. Unger, T. 
Henkel, G. Mayer, J. Albert, M. Rothhardt, C. Krafft and J. Popp, "Raman-on-chip device and detection 
fibres with fibre Bragg grating for analysis of solutions and particles", Lab Chip 2013, 13, 1109-1113. 

12. S. Dochow, C. Krafft, U. Neugebauer, T. Bocklitz, T. Henkel, G. Mayer, J. Albert and J. Popp, "Tumour 
cell identification by means of Raman spectroscopy in combination with optical traps and microfluidic 
environments", Lab Chip 2011, 11, 1484-1490. 

13. S. Dochow, C. Beleites, T. Henkel, G. Mayer, J. Albert, J. Clement, C. Krafft and J. Popp, "Quartz 
microfluidic chip for tumour cell identification by Raman spectroscopy in combination with optical traps", 
Anal. Bioanal. Chem. 2013, 405, 2743-2746. 

14. S. Dochow, N. Bergner, C. Krafft, J. Clement, M. Mazilu, B. B. Praveen, P. C. Ashok, R. Marchington, K. 
Dholakia and J. Popp, "Classification of Raman spectra of single cells with autofluorescence suppression 
by wavelength modulated excitation", Anal. Meth. 2013, 5, 4608. 

15. N. Bergner, T. Bocklitz, B. F. M. Romeike, R. Reichart, R. Kalff, C. Krafft and J. Popp, "Identification of 
primary tumors of brain metastases by Raman imaging and support vector machines", Chemometr. 
Intell. Lab. 2012, 117, 224-232. 

16. N. Bergner, C. Krafft, K. D. Geiger, M. Kirsch, G. Schackert and J. Popp, "Unsupervised unmixing of 
Raman microspectroscopic images for morphochemical analysis of non-dried brain tumor specimens", 
Anal. Bioanal. Chem. 2012, 403, 719-725. 

17. N. Bergner, B. F. M. Romeike, R. Reichart, R. Kalff, C. Krafft and J. Popp, "Tumor margin identification 
and prediction of the primary tumor from brain metastases using FTIR imaging and support vector 
machines", Analyst 2013, 138, 3983-3990. 

18. C. Bielecki, T. W. Bocklitz, M. Schmitt, C. Krafft, C. Marquardt, A. Gharbi, T. Knosel, A. Stallmach and J. 
Popp, "Classification of inflammatory bowel diseases by means of Raman spectroscopic imaging of 
epithelium cells", J. Biomed. Opt. 2012, 17. 

19. S. Dochow, I. Latka, M. Becker, R. Spittel, J. Kobelke, K. Schuster, A. Graf, S. Brückner, S. Unger, M. 
Rothhardt, B. Dietzek, C. Krafft and J. Popp, "Multicore fiber with integrated fiber Bragg gratings for 
background-free Raman sensing", Opt. Express 2012, 20, 20156. 

20. C. Matthäus, S. Dochow, G. Bergner, A. Lattermann, B. F. Romeike, E. T. Marple, C. Krafft, B. Dietzek, 
B. R. Brehm and J. Popp, "In vivo characterization of atherosclerotic plaque depositions by Raman-
probe spectroscopy and in vitro coherent anti-stokes Raman scattering microscopic imaging on a rabbit 
model", Anal. Chem. 2012, 84, 7845-7851. 

21. T. Meyer, M. Baumgartl, T. Gottschall, T. Pascher, A. Wuttig, C. Matthaeus, B. F. M. Romeike, B. R. 
Brehm, J. Limpert, A. Tuennermann, O. Guntinas-Lichius, B. Dietzek, M. Schmitt and J. Popp, "A 
compact microscope setup for multimodal nonlinear imaging in clinics and its application to disease 
diagnostics", Analyst 2013, 138, 4048-4057. 

22. N. Vogler, T. Meyer, D. Akimov, I. Latka, C. Krafft, N. Bendsoe, K. Svanberg, B. Dietzek and J. Popp, 
"Multimodal imaging to study the morphochemistry of basal cell carcinoma", J. Biophotonics 2010, 3, 
728-736. 

23. S. Heuke, N. Vogler, T. Meyer, D. Akimov, F. Kluschke, H. J. Rowert-Huber, J. Lademann, B. Dietzek 
and J. Popp, "Non-linear Micro-Spectroscopy - new Ways to diagnose white Skin Cancer?", Journal Der 
Deutschen Dermatologischen Gesellschaft 2013, 11, 6-6. 

24. A. Medyukhina, T. Meyer, M. Schmitt, B. F. M. Romeike, B. Dietzek and J. Popp, "Towards automated 
segmentation of cells and cell nuclei in nonlinear optical microscopy", J. Biophotonics 2012, 5, 878-888. 

25. T. Meyer, M. Chemnitz, M. Baumgartl, T. Gottschall, T. Pascher, C. Matthaus, B. F. M. Romeike, B. R. 
Brehm, J. Limpert, A. Tunnermann, M. Schmitt, B. Dietzek and J. Popp, "Expanding Multimodal 
Microscopy by High Spectral Resolution Coherent Anti-Stokes Raman Scattering Imaging for Clinical 
Disease Diagnostics", Anal. Chem. 2013. 

26. T. Meyer, O. Guntinas-Lichius, E. F. von, G. Ernst, D. Akimov, M. Schmitt, B. Dietzek and J. Popp, 
"Multimodal nonlinear microscopic investigations on head and neck squamous cell carcinoma: Toward 
intraoperative imaging", Head Neck 2012. 

27. N. Vogler, A. Medyukhina, I. Latka, S. Kemper, M. Bohm, B. Dietzek and J. Popp, "Towards multimodal 
nonlinear optical tomography - experimental methodology", Laser Phys. Lett. 2011, 8, 617-624.	
  	
  


