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Not enough!

C.V. Raman in 1928:

“..that the effect is a true scattering and not a
fluorescence is indicated in the first place by
its feebleness in comparison with the ordinary
scattering.”

Nicolaas Bloembergen in 1978:

“As spontaneous Raman spectroscopy has
blossomed and grown during one half-century, it
may be predicted with some confidence that
coherent nonlinear Raman spectroscopy will yield
many new results in the next half-century .”
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first CARS experiments



CARS contrast in tissues

Lipid (CH2 stretch vibration)

Protein (CH3 stretch vibration)

Water (OH stretch vibration)



What CARS can do

CH2 stretch



Cellular imaging

CH2 stretch



in vivo tissue imaging

100 µm



3D in vivo imaging



ps-CARS microscopy
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CARS combined with TPEF and SHG

100 um 50 um

Nonlinear imaging of human skin

Blue: CARS, lipid

Red: SHG, collagen

Green: TPEF, elastin



CARS combined with Raman spectroscopy

With Prof. James Jester
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CARS imaging of disease



Atherosclerosis

ApoE deficient mouse

With Prof. Bruce Tromberg



Multimodal contrast

500 µm



Automated stitching and analysis

5 x 3 x 0.1 mm3

~ 1 Gpx
With Prof. Joerg Meyer



ApoE-/- - control diet, 2 kidneys

Scale bar: 500 µm

Lipid deposits in aortic arch



Scale bar:
500 µmApoE-/- - control diet, UNX (#112)
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ApoE-/- - control diet, 5/6 neph (#128)
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Seeing individual macrophages

50 µm



Diet dependence
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Western diet and atherosclerosis

100 µm

Lipid deposition in the heart

200 µm

Lipid deposition in the liver



Breast cancer and lipid droplets

25 µm

nonmalignant: MCF-12A mild malignant: MCF-7 malignant: MBA-MB-231

human epithelial breast cells

With Prof. Bruce Tromberg



Breast cancer and lipid droplets

0.2 mm

Red: lipid, CARS

Green: collagen, SHG

Red: cells

Green: lipid droplets

CARS only

Single droplet Raman spectrum
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From benchtop to bedside

with Prof. Zhongping Chen

 



Take home messages

CARS provides chemical selectivity without labels

CARS is ideal for rapid noninvasive imaging of
superficial tissues

CARS is finding its way into the clinic



Thanks!
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