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The Myocardium-structure 

The myocardium(cardiac muscle) - the muscle tissue of  the heart.

 Cardiomyocytes - the cells that constitute cardiac muscle, which have large number of  mitochondria, enabling 

continuous aerobic respiration.

Fig: Cardiac muscle.
(source: https://en.wikipedia.org/wiki/Cardiac_muscle)

 The myocardium is an optically turbid medium- high 

absorption and scattering coefficients.

 Optically thick, highly fibrous and anisotropic tissue. 

(Refractive index, rat=1.382  (Dirckx et al., 2005). UNCERTAIN!
 Contains auto-fluorescent substances like NADH and FAD.

Optical characteristic

Myocardial infarction(MI) - can lead to structural change of  the myocardium ending with scar 
formation. 

 Scar can change optical property of  normal myocardium. 



 Cardiac action potential- caused by the movement of  ions between inside and outside of  the cell. 

The Myocardium-physiology  

• Action potential and Ca2+ transients from cell(s) deep within myocardium - focus areas of  research interest 

in cardiovascular studies. 
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Is there a non-invasive optical imaging technique that allows us

1) to study optically thick and highly turbid biological tissues, like the myocardium, and

2) to perform physiological study while cells are alive? 

Preferences of  the imaging technique: 

 one which can enable us to perform live cell imaging.

 a technique that allows us to investigate deep into a thick tissue, preferably layer by layer, 

with high contrast.

 one which has reduced photodamage and that has no out-of-focus bleaching.

Multiphoton laser scanning microscopy(MPLSM) is a technique that can be used to perform such imaging. 

Question:-



Fig: [a] Single Photon                           

excitation 

[b] Multiphoton 

excitation. 

MPLSM- principle  

 MPLSM is an indispensable fluorescence imaging technique that can be used to image optically thick biological 

samples. 

 “Multiphoton” – refers to the simultaneous absorption of  two(or more) photons by a molecule. 
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Multiphoton excitation requirement:

 High photon density

 High peak power laser source

Example: Ti:Sapphire ultra short pulsed laser

High repetition rate  (Eg:80MHz)

Pulse duration~ 100fs

Aver. power = 50mW

>>

Single pulse energy= 0.625nJ (not much)

Peak power= 6.25kW (very high!)

Num.of photons in a pulse=2.5x109 (at λ=800nm).

Fig: Wavelength dependence of  photon energy and 

number of  photons per pulse. 
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Fig: Pulse train single pulse 
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Fig: Power dependence of  fluorescence. 

For 2P microscopy, Fluorescence α I2

Non-linear process

Continuous VS Pulsed laser for 2p excitation

Fc=0.5σI2 (number of fluore. photons/sec)
Fp=0.5 σ(𝜏𝐟)-1I2

→
𝑭
𝒑

𝑭
𝒄

~(𝜏𝐟)-1

For equal power, we can have 105 time more 
excitation of fluorophore with pulsed laser. 



An ultra-short pulsed laser beam passes through scanning unit and is focused by the objective.

 Signal is confined to the focal plane of  the objective lens. 
 Out-of-focus signal eliminated. 
 Inherent optical sectioning capabilities without the need for a confocal pinhole.  

The collected signal does not have to go back through the scanning unit.
 Detector can be placed close to the objective (Non-descanned detector).      

MPLSM Imaging Principle

Fig.: Schematic representation of  MPLSM setup. 

(Source: http://biomedicaloptics.spiedigitallibrary.org) 



Fig: Optical sectioning in MPLSM.

(Source: http://zeiss-campus.magnet.fsu.edu/tutorials/opticalsectioning)

Fig: Zeiss 510 LSM. The red lines indicate the beam path.

The broad lasing range ~700 to 1064 nm of  the Ti:Sapphire laser 

can be used for the excitation of  a wide range of  fluorescent 

molecules.



Fig: Single plane image formation in MPLSM. The table 

shows an array of  intensity used to  construct 2D image. 

 2D images are created by scanning diffraction-limited 

spot across the specimen, point by point, to form a line, 

then line by line in a raster fashion.

Fig: 3D Image of  cardiac muscle of  mouse taken using Zeiss 

LSM 510 at different depths in the muscle (Z stack) . 

Single plane image formation in MPLSM



Sample measurement

Fig: Image of  cardiac muscle of  mouse up to a depth of  19μm in axial direction taken using Zeiss LSM 510 microscope. 

The objective lens used was achroplan IR40x/0.8w. The excitation wavelength of  the laser was 820nm with average 

power 52mW.



Why MPLSM?
 Scattering is lower than single photon excitation. 

 This gives the ability to image deeper within biological tissues.

 Typical penetration depths for MPLSM are 250 - 500μm, though imaging as deep as 1mm has 
been reported. 

 Excitation can only occur in the focal plane. Therefore, out-of-focus bleaching is avoided.

 Lower phototoxicity. 

Rayleigh scattering:  𝑰𝒔~𝝀
− 𝟒

1P

MP

 Optical probe interacts with 

the sample only in the focus 

region.

Fig: 1-photon(1P) and multiphoton(MP) excitation at the same time.   



 Lateral and axial resolutions can be determined from FWHM of  individual points that are observed.  

Resolution in MPLSM

Fig: Lateral and axial resolutions in MPLSM for different NA 

of  objective lens.  Excitation wavelength= 960nm and refractive 

index of  immersive media=1.327.

Fig:  Comparison of  lateral and axial resolutions in multiphoton and 

confocal LSM for different NA values of  objective lens. Refractive 

index of  immersive media=1.327.



Resolution and Depth

 System performance – depth limited!

 SNR decreases with depth.

 Requires improvement of  collection of  fluorescence yield. 



PhD Plan

Goals:

a. To improve the collection of  emitted fluorescent light from cardiac muscle during multiphoton 

excitation.

(Exploiting the system up to its maximum imaging depth limit)

b. To examine the extent to which the differences in refractive indices of  the tissue distort the optical path 

of  the light and thus reduce resolution.

c. To implement changes to the optical system to compensate for the distortion created by refractive index 

mismatch. 

Expected results: 

 The fluorescence signal emitted during multiphoton excitation will be improved by implementing additional 

collection optics.

 Depth of  penetration will be enhanced. 

 The limitations of  the available MPLSM, Zeiss LSM 510, will be identified by showing the maximum 

possible depth of  imaging. 

The results will be disseminated by publishing on high impact factor journals and by presentation at 

conferences.




