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Abstract: 
While confocal fluorescence imaging is
immensely informative, it has the
disadvantage that the intense light sources
used in confocal techniques have the
potential to damage living cells.
Light-induced cell stress may cause molecular, biochemical and
morphogenic changes that could confound the interpretation of
study results and limit the information gained from live cell
studies.  Here, we describe some important technologies that
help to minimise the potentially toxic effects of confocal imaging
on living cells, thereby enabling the capture of more reliable data
and enabling longer term imaging studies. 

Introduction:

Confocal microscopy offers the key advantage over widefield
fluorescence microscopy in eliminating out of focus light from
the plane of focus.  By capturing optical sections through thick
specimens it also offer researchers the possibility of
reconstructing 3-dimensional images of a specimen to enhance
understanding of spatial and temporal relationships during
dynamic live cell events such as molecular trafficking, cellular
communication, and organism development. However, the
strong light sources required to excite fluorophores in
fluorescence confocal imaging have the potential to damage
living cells directly or indirectly through the generation of
reactive oxygen species during fluorophore bleaching. The
problem of light-induced cell stress is compounded when
multiple scans are required, for example, in timelapse and
multiprobe studies.  

Light-induced cell stress has the potential to cause cellular
change (molecular, biochemical, morphogenic) in both light
exposed cells and neighbouring cells1. Visible signs may include
cell detachment, blebbing, vacuolisation, swollen mitochondria,
multiple and/or abnormal nuclei, aggregation of fluorescent
proteins and /or cell death. More subtle effects may include
changes in intra cellular signalling, and cell regulation2.
Separating the effects of stress from natural processes or those
caused by experimental variables can be challenging but failure
to recognise the potential effects of light-induced cell stress may
lead to erroneous study conclusions1. In all live cell imaging
studies, and especially confocal imaging, it is, therefore,
desirable to minimise sources of phototoxicity.  

As part of its ongoing commitment to the development of more
cell-friendly imaging systems, Nikon’s confocal technologies aim
to decrease the need to expose cells to damaging light but at
the same time maintain or improve image quality. These
technologies include developments that provide precise control
over excitation light, maximise fluorescence capture, and give
users full control over image capture sensitivity and speed.  

Technology:
1. Managing excitation light

AOM and AOTF

AOM (acousto-optical modulator) and AOTF (acousto-optical tunable
filter) modules allow researchers to control laser wavelength and
intensity. With both AOM (for single laser lines) and AOTF (for
multiple simultaneous lasers), laser light can be turned on and off
within a microsecond to allow precise targeting of light (on a per
pixel basis) on a region of interest or when bleaching or activating
fluorophores in FRAP, FLIP or PA-GFP studies. 

CLEM

An alternative light control technology, Controlled Light Exposure
Microscopy (CLEM) regulates the amount of light delivered to cells
automatically. CLEM reduces photobleaching 6-8-fold and allows
imaging for up to 6 times as long without noticeable damage or
deterioration of image quality3.  In CLEM, if there is no signal
(e.g. in the background) then no illumination is generated. Where
there is a signal, illumination is stopped when fluorescent is
sufficient to create an image. 

Hybrid confocal scanning

Nikon’s A1R confocal system combines non-resonant (high
resolution: 16 million pixels) and resonant scanners (frequency of
7.8kHz allowing high-speed imaging at 420 fps, at 512 x 32
pixels) in one unit,  the fields of view of which exactly overlap.
The reduced pixel dwell time of resonant scanning reduces light
induced cell stress compared with the longer exposures of non-
resonant scanning.  Users can switch between resonant and non-
resonant modes to tailor sensitivity and scan speed to each
image and to each application.  The resonant and non-resonant
scanners can also be used simultaneously, with the advantage
that simultaneous photo-activation and imaging is possible.
Because images can be captured at high speed, rapid changes
after photactivation can be imaged successfully.  

Spectral imaging

Spectral confocal imaging requires only one pass of the laser to
capture all the spectral data in the sample, avoiding the need for
successive scans, reducing image acquisition times and protecting
cells from light exposure.  Simultaneous excitation by up to four
lasers is possible in the A1si with fast fluorescence unmixing
during image acquisition (512 x 512 pixel, 32-channel image
unmixed in less than one second).
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2. Increasing fluorescence
detection sensitivity

All the technologies described here maximise fluorescence
capture and / or increase signal relative to background noise.
This gives users greater flexibility in moderating laser excitation
power to preserve cell health

Improved fluorescence transmittance

Fluorescence transmittance in Nikon’s A1 confocal system has been
increased by a new dichroic mirror design that uses low-angle
transmittance instead of the conventional 45º angle. This results in
an average 95% transmittance and a 30% increase in fluorescence
efficiency. In addition, a novel hexagonal pinhole design (as opposed
to a variable square pinhole) dramatically increases the amount of
light passing through the pinhole to increase image brightness. 

Virtual adaptable aperture system (VAAS)

VAAS allows the elimination of flare from the non-focal plane
without any compromise in image brightness. By deconvolution of
both the light that passes through the pinhole and light that doesn’t
pass though the pinhole, flare is greatly reduced. Using this
deconvolution technology, the size of the virtual pinhole can be
adjusted after image acquisition. This increases imaging speed,
avoids the need for further scans.  

Dual Integration Signal Processing (DISP)

DISP technology enables monitoring of the fluorescence signal
throughout the entire pixel processing time to result in extremely
high signal-to-noise ratios. 

Applications:

Preserving cell health and reducing cell stress is central to any live
cell confocal imaging study, but particularly when imaging takes
place in vivo.  As long as good physiological conditions are
maintained, confocal fluorescence imaging can be used to monitor
fluorescent labels and intravital substances in living organisms.
Figure 3 shows the location of white blood cells within mouse
blood vessels over time and Figure 4 shows the expression of DsRed
in red blood cells in zebra fish. Both sets of images were acquired
with the A1R hybrid confocal system

Conclusions:

Measures to overcome cell stress in live cell confocal studies are
instrumental in obtaining more reliable live cell imaging results.
A variety of confocal technologies are now available that aim to
minimise cell exposure to laser light, maximise fluorescence capture,
and increase the potential for longer term imaging studies.

30% more light

Figure 2: Increased brightness with a continuous

variable hexagonal pinhole. 

Figure 1: Increased fluorescence efficiency with low

angle transmittance.

Figure 3:  Blood vessels in a mouse administered tetramethyl rhodamine

and acridine orange observed at 120 fps (8ms/frame). Areas in red are

blood vessels; green indicates cell nuclei. Images courtesy of Dr Satoshi

Nishimura, Department of Cardiovasclar Medicine, the University of Tokyo,

Nano Bioengineering Education Programme, the University of Tokyo,

PRESTO, Japan Science and Technology Agency. 

Figure 4: Zebra fish expressing DsRed in red blood cells. Blood flow was

imaged simultaneously with DIC and confocal at 60 fps (16ms/frame).

Photos courtesy of Dr Yung-Jen Chuang, Assistant Professor, Institute of

Bioinformatics and Structural Biology & Department of Life Science,

National Tsing Hua University. 
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Nikon’s cellogy ethos: confocal imaging
technologies that are more cell-friendly and
reduce cell stress

Reduced need for intense excitation light 

Increased flouorescence detection sensitivity 

Reduced phototoxicity and photobleaching,
increased cell viability, longer imaging studies,
with no compromise in imaging results. 
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Your Nikon Imaging Centre (NIC):
www.nikonimagingcenters.com

The Nikon Instruments organisation has established a
number of Nikon Imaging Centres to make available the
latest microscope developments to the researchers and to
create an interaction between research and the Nikon
product development. Nikon Imaging centres have been
established in:

Heidelberg University, Germany

Oxford University, United Kingdom

Marie Curie Institute, France

Harvard Medical School, USA

University California San Francisco, USA

Hokkaido University, Japan

Singapore Bioimaging Consortium, Singapore

Northwestern University Chicago, USA

For more information on Nikon Confocal systems go to:

www.nikoninstruments.eu
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