
Ground-breaking research in fields such as neurophysio-

logy, immunology, and developmental biology provide 

important insights into systematic connections in all life 

forms. With the help of innovative technological develop-

ments such as multiphoton microscopy, it is now possible 

to perform research on and especially in living organisms 

with an increasingly minimal level of functional invasive-

ness. Multiphoton microscopy is considered the best me-

thod in the field of minimal and non-invasive fluorescent 

microscopy today. The LSM 710 NLO allows scientists to 

generate images of very deep-lying tissue with subcellular 

resolution in a gentle way.

Images in Depth 
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3D Morphology

High-resolution 3D imaging of tissues and cell structures forms the very basis of our under- 

standing of their morphological composition and functionality.  

Illustration of the XZ level of a homogeneous colored sample  
after laser excitation in the visible range (1), using a multiphoton 
laser (2), and alternative detection using NDD (3). 

The detection technology of the LSM 710 NLO was optimized further 

so as to facilitate even better imaging results, for example via efficient 

optics for light collection, perfect detection geometry, and the special 

GaAsP non-descanned detector. This detector has a very low level of 

dark noise and a high quantum efficiency, which results in an outstan-

ding signal-to-noise ratio. This, in turn, permits the imaging of very fine 

structures in subcellular areas even in the case of critical samples like 

neurons deep inside a brain.

Thanks to these technological improvements, the system makes it pos-

sible to create high-resolution 3D reconstructions out of even highly dis-

persive samples. This enables scientists to perform optimal research on 

the morphological components and 3D structure of different cell types. 

Principal (projection) neurons in cortex of a transgenic mouse that expresses  
YFP under the thy1 promoter (adult, YFP-H line). The brain was fixed  
with 3 % PFA and the forebrain was removed by transverse section.  
The forebrain was then embedded in 8 % agarose with the caudal portion  
(cut surface) facing up. A region of the cortex was imaged from the cut surface  
to a depth of 260 microns using multiphoton excitation (930 nm).
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A comparison of the intensity distribution along the Z axis shows the noticeably 
better excitation in deeper layers of the specimen using the multiphoton laser.  
It also shows the more efficient signal acquisition using non-descanned detectors. 
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Intravital Imaging

In order to understand interactions and functional connections of cells within organisms,  

it is necessary to perform minimal-impact research on the living specimen. 

The LSM 710 NLO offers all the prerequisites for intravital 

imaging with subcellular resolution. The point excitation 

of a pulsed IR laser is minimally invasive with a low level of 

phototoxicity, thereby creating the ideal conditions for the 

examination of living specimens in the gentlest manner 

possible. The parallel use of different channels and dyes 

allows for the observation of up to five signal types and 

thus the interactions between many different structures. 

The innovative system also allows scientists to pursue very 

complex methods such as two-photon uncaging in connec-

tion with calcium imaging. This locally defined manipula-

tion aids in the study of cellular processes and interactions. 

 

“Multiphoton imaging requires an efficient NDD light 

path. The LSM 710 NLO offers many improvements  

that result in brighter images and deeper tissue pene-

tration. Also, the configuration of NDD modules is very 

flexible, allowing simultaneous acquisition of many 

channels for multicolor imaging.”  

Dr. Stephen  Turney, MCB, Harvard  University, Boston, USA

Dendrites of cortical projec- 
tion neurons of a transgenic 
mouse expressing YFP via  
the thy1 promotor.  
This high-resolution image 
of the dendritic processes to  
a depth of of 430 µm was 
made using multiphoton 
excitation of 920 nm in the 
living animal. Specimen 
provided by Stephen Turney, 
MCB, Harvard University, 
USA

Neuromuscular junctions  
in sternomastoid muscle of 
an adult transgenic mouse 

that expresses YFP in all 
motor neurons. Image was 

acquired in a living animal 
using the Zeiss W-Plan  

Apochromat 20 × / 1.0  NA 
dipping objective and two 

photon excitation (880 nm). 
Stephen Turney, MCB,  

Harvard University, USA

Magnified section of  
the projection neurons’ 
dendritic branches.  
Spines are clearly visible. 
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3D in Temporal Resolution

When used in embryology, this process allows scientists to observe developmental processes 

such as cell organization and cell distribution in a detailed manner. With the help of practical 

markers or by means of the photoactivation of special fluorescent proteins, it is possible to track 

individually targeted cells and investigate their interactions in a physiological 3D space – for 

example in the investigation of immuno-active cells moving through the body. The LSM 710 NLO 

permits the optimal observation of the behavior of these cells whether it be in an artificial 3D 

collagen matrix or in vivo for as long a period as possible. 

“The LSM 710 NLO in conjunction with the new microscope Axio Examiner represents  

a very versatile system. When imaging embryonic stages, we are often troubled by abnormal 

developments caused by phototoxicity. Improved optics and detectors, especially the 

registration of emission signals in reflection and transmission, allow a reduction of the laser 

intensity for excitation, which is crucial for normal development.”  

Dr. Hideaki Mizuno, Brain Science Institute, Riken, Wako, Japan

The LSM 710 NLO offers a decisive advantage in the long-term observation of biological  

processes: the device’s point excitation allows for a significant reduction in phototoxicity,  

as the light has an impairing effect only in the focus.  

3D reconstruction of a Zebrafish embryo expressing a genetically encoded Ca2+ indicator, Cameleon.  
Early developmental stages of the embryo were observed for 13 hours at 25 ° C. Excitation at 850 nm,  
timestamp post fertilization.
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SHG:  Additional Contrast via Frequency Doubling

In this process, two photons of a strong incident laser are driven through 

polarizable tissue and transformed into a single photon with doubled 

energy and frequency levels. The key advantage of SHG is that it requires 

no dyes, seeing as the image contrast is already structurally intrinsic to 

the sample. This makes Second Harmonic Imaging the ideal method 

with which to investigate living cells and tissues. The additional contrast 

provides crucial information on the structure and/or changes found in 

certain proteins. As a result of its special optics, the LSM 710 NLO on 

the Axio Examiner is ideally equipped for this procedure. 

Second Harmonic Generation, or SHG for short, is a non-linear photophysical effect 

that is used in non-linear microscopy to create additional contrast.

Second Harmonic Imaging of embryonic stem (ES) cell-derived mouse motor  
neurons in vitro. The motor neurons were established in a long-term co-culture  
(5 days) with either ES cell-derived or primary glial cells.  
The image is a composite of SHG (B) and oblique illumination contrast (A) signals 
acquired simultaneously using low-intensity multiphoton excitation (800 nm). 
Specimen provided by Monica Carrasco, MCB, Harvard University, USA
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SHG signal of collagen fibers in a mouse’s tail. Excitation  
using a multiphoton laser at 800 nm. Detection in trans- 
mission with filter 395–405 nm.















The LSM 710 NLO at a Glance

• �Cascading possible for up to 5 reflected light 

and 5 transmitted NDDs (depending on stand) 

• �Additional high-performance  

GaAsP NDD detector for Axio Examiner 

• Objective �W-Plan Apochromat 20 × / 1,0 NA  

• �Transmission PMT for the simultaneous  

illustration of the differential interference  

contrast or Dodt contrast in addition to  

the fluorescence signals 

• �Automatic calibration of the scanner and  

all of the opto-mechanical elements of  

the scanning head 

• �Fully SW-integrated femtosecond laser from 

various manufacturers (Newport Spectra  

Physics and Coherent) 

• �Combination of NLO laser with VIS lasers 

(450–640 nm) and a UV laser (405 or 440 nm) 

possible 

• �Individual collimating lenses for a precise 

overlay of all the excitation wavelengths  

in use 

• �High-speed scanning mirror with 5 fps  

at 512 × 512 pixels 

Patents 

LSM 710

US Patents: 5127730, 6037583, 6167173, 

6278555, 6377344, 6462345, 6631226,  

6848825, 6941247

German Patents: 19702753, 19702752, 

69131176

EP Patent: 0977069

LSM 710 mit Array Detection

US Patents: 6403332, 6747737, 6750036, 

6858852, 6891613, 6958811, 7009699

German Patents: 19915137, 10038526, 

10033180

LSM 710 NLO

US Patents: 5034613, 617804, 6403332,  

6867915, 7119898

German Patents: 69032621, 69034117

LSM 7 DUO

US Patents: 6037583, 6462345, 6848825,  

6888148, 6947127

EP Patent: 1617264



Perfection Is No Miracle
The precision and performance of our instruments derives from our ongoing pursuit  

of technological perfection. Our products have provided the stepping-stones  

for many important discoveries and scientific breakthroughs. 
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Carl Zeiss MicroImaging GmbH
07740 Jena, Germany
 
BioSciences 
Phone	 :	 + 49 3641 64 3400
Telefax	:	 + 49 3641 64 3144
E-Mail	:		 micro@zeiss.de
 
www.zeiss.de/lsm




