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Gradient Contrast Microscopy and
Smarter Observation Workflows

How advanced phase visualization methods and intelligent workflow
tools help researchers move faster from observation to insight
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Introduction

Live—cell imaging workflows require observation methods that can reveal detail without disrupting delicate specimens.

Many live—cell applications rely on unstained specimen imaging, where transparent structures must be visualized clearly
while maintaining normal cellular conditions during observation. In practice, imaging conditions can vary considerably
depending on specimen thickness, culture vessels, condensation, and other environmental factors inside the lab.

Additionally, locating samples and preparing imaging positions before acquisition can introduce more
layers of complexity during routine observation workflows.

In this ebook, we bring together two areas that continue to shape modern live—cell imaging workflows:
advanced phase visualization methods and Al-assisted observation tools.

First, we examine how gradient contrast microscopy approaches unstained specimen imaging
differently than conventional phase methods to reduce common observation limitations
associated with thick samples and plastic culture vessels.

Next, we explore how automated sample navigation and intelligent recognition can
simplify pre—observation setup, helping researchers move into imaging more efficiently.

These discussions provide a closer look at how observation methods and workflow
tools continue to improve live—cell imaging applications.

Seeing More Without Staining Improving Pre-Observation Efficiency —>

A Faster Path from Setup to Observation  —>
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Explore smarter imaging workflows
with the APEXVIEW™ APX100
benchtop fluorescence microscope

Request a demo
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Since the invention of optical microscopes in the 16th century,
light microscopes have contributed greatly to biological research
including the discovery of microorganisms and red blood cells.
In the 19th century, specimen staining technology developed,
and transparent structures could be stained with color contrast
agents to make them easier to see. Unfortunately, staining

is toxic, which limits its use in live specimens. From the 20th
century, various methods for seeing non—stained, transparent
objects—such as phase contrast microscopy—were developed,
becoming indispensable tools in biological research to this day.

Shinichi Hayash Yoshihiro Kazama
R&D, Advanced Optics and - R&D, Optical Engineering
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Variation of Phase a b C d
Contrast Methods

The common phase visualization methods for viewing
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transparent objects without staining are briefly explained Condenser pupil 1 | I | N H i h

with the respective optical element arrangements in

are realized by placing specific optical elements in the Condenser lens

condenser pupil and the objective pupil, respectively. \ / \ /
Sample Y X
Objective / \ / \

Objective pupil I N |

Figure 1. Conventional phase visualization methods

Figure 1. Optical arrangement of various phase visualization methods.

The necessary optical elements of various phase visualization methods. a. Phase contrast method, b. Differential interference contract method, c. Modulation contrast method,
d. Gradient contrast method.
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Phase contrast
method

The phase contrast method (Figure 1a) uses a
combination of a dedicated condenser lens with

a ring aperture and a dedicated objective lens
containing a ring of phase film. Of the rays that
pass through the ring aperture of the condenser,
those that pass straight through the specimen
pass through the phase film of the objective pupil.
On the other hand, rays that are deflected by the
specimen pass outside the phase film, producing
a contrast of light and shade at the point where
the two components interfere with each other.

A characteristic feature of this process is that light
blotches, called halos, appear at steps where the

refractive index distribution changes in the specimen.

Thick specimens are not suitable for this method
because the halo appears too strongly.

Evident | Simplifying Live—Cell Imaging

Differential interference
contrast method

The differential interference contrast method
(Figure 1b) is a polarized shearing interferometer
with complementary Wollaston prisms at the
condenser pupil and the objective pupil positions.
The specimen image becomes a double image
slightly shifted in a fixed direction, and the refractive
index step of the specimen is shadowed to make

it appear three dimensional. Since polarization
interference is used, observation is not possible

if there is a plastic Petri dish or other object that
causes polarized distortion in the optical path.

Modulation contrast
method

The modulation contrast method (Figure 1c¢) limits
the illumination beam in one direction using the
condenser pupil’s slit opening. Guiding the light beam
makes the straight portion of light in the specimen
appear gray, while the contrast of the refracted part
will change according to the refraction direction
thanks to the objective pupil’'s modulator.

By transmitting or shielding a portion of light,

a three—dimensional image similar to the differential
interference contrast method can be obtained.

Since polarization is not used in the modulation
contrast method, plastic containers like Petri dishes
can be used. However, the resolution is slightly
reduced with this method since limiting the

direction of the illumination beam means a

small illumination numerical aperture (NA).



Gradient Contrast Method

The gradient contrast method (Figure 1d) is characterized by generating a pseudo three—
dimensional image similar to the differential interference contrast method. While other phase
visualization methods require multiple optical components to generate contrast in unstained
specimens, gradient contrast can be realized by simply inserting a gradient ND filter into

the objective pupil.

Principle of the Gradient Contrast Method

The gradient ND filter inserted at the pupil position of the objective has monotonically decreasing
transmittance in one direction. The aperture diameter of the condenser lens projected at the pupil
position of the objective is reduced to some extent compared with the objective pupil diameter.
Where the refractive index distribution of the sample is flat, the aperture image of the condenser
lens is projected at the center position of the objective pupil and is subsequently affected by the
transmittance near the center of the gradient ND filter (Figure 2a).

When there is an inclination in the refractive index distribution of the sample, the aperture image
of the condenser lens is shifted from the center of the gradient ND filter, so when the light beam
refracts at the sample location, the overall transmittance by the gradient ND filter changes
(Figure 2b and c). Therefore, it is imaged at a brightness corresponding to the inclination of

the refractive index of the sample, and the refractive index distribution of the sample looks

three dimensional (Figure 2d).

The aperture of the condenser lens can be adjusted using the aperture stop. When it is relatively
large, the brightness change due to the sample’s refractive index inclination may not be

enough. Therefore, the image captured with the image sensor is emphasized and displayed

in easy—to—see contrast.
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Figure 2. lllustration of the principle of the gradient contrast method. visualization methods.

Description of the principle of contrast between light and shade on a phase object by the gradient contrast method. a. Where the
phase distribution of the sample is flat, the light beam goes straight and passes near the center of the gradient ND filter. b, c. If the
phase distribution of the sample is tilted, the light rays refract so that the direction of the inclination passes through either the brighter
part of the gradient ND filter (b) or (c) through the darker part. d. The observation image is observed with a contrast of light and shade
depending on the direction of inclination of the phase distribution of the specimen.




Gradient Contrast Method Features

The phase image produced by the gradient contrast method has many advantages over conventional
phase visualization methods. The gradient contrast method can be applied to thick specimens because
halos do not occur, unlike the phase contrast method. Since it is not polarization based, unlike the
differential interference contrast method, the gradient contrast method can nicely generate pseudo
three—dimensional images of specimens even through plastic vessels. Furthermore, since the NA of the
illumination is larger than other methodes, it is less susceptible to issues caused by imaging through the

lid of a Petri dish with water droplets.

Observation method

Phase contrast method

Differential interference

Modulation contrast

SIS

This feature also prevents the deterioration of resolution caused by employing a shielding element in
the modulation contrast method. Another practical advantage is that there is no need for a dedicated
objective or switching elements at objective conversions, making observation faster and easier.

Gradient contrast method

contrast method method

Thick specimens Bad Good Good Good

Use with a plastic Petri dish Good Bad Good Good

Use with a glass bottom dish Good Good Good Good

Use glass bottom dish with plastic lid Passable Bad Passable Good

Use dish with water droplets on plastic lid Bad Bad Bad Good
Resolution Good Good Passable Good
Dedicated objective Required Not required Required Not required
Switching condenser elements when converting objectives Required Required Required Not required
Cost Low High Low Low

Table 1. A comparison of observation methods.
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Optical Configuration for the Gradient Contrast Method

The APEXVIEW APX100 benchtop fluorescence microscope’s optical configuration is shown in Figure 3.
Light is irradiated to the specimen through the optical path and imaged on the imaging surface.

A gradient ND filter is placed at a position that is conjugated with the objective’'s pupil position. This
filter enters the optical path only when the system is set for the gradient contrast method. The opening
diameter of the condenser is automatically adjusted to the optimum value according to the magnification

and pupil diameter of the objective.

Collector Condenser Objective Relay Imaging lens Imaging
lens lens lens surface

Light Source y

A\

Gradient
Condenser pupil Sample ND Filter

Figure 3. Optical configuration of the APEXVIEW™ APX100 benchtop fluorescence microscope for gradient contrast observation of unstained samples.
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Gradient Contrast Applications

Comparison of results:

1. The gradient contrast image is comparable to the
phase contrast and modulation contrast images. In the
differential interference contrast image, the polarization
performance is reduced with the plastic lid, so the

contrast is low.

2.Compared to other observation methods, the gradient
contrast image has a more even field of view and
good contrast. The NA of the illumination is larger
than other observation methods, and it is less
affected by foreign matter on the specimen and
water droplets in the container.

Evident | Simplifying Live—Cell Imaging

Phase contrast image Differential Modulation contrast Gradient contrast
interference contrast image image
image

Figure 4. Hel a cells in containers 1 and 2 were observed with a 10X objective, and images were captured using the four observation methods previously discussed so that the images could
be compared. 1. Glass bottom dish: plastic top lid is on. 2. 12-well microplate: water droplets adhere to the plastic lid on top.



summary

The gradient contrast method is a phase object observation
method using a simple optical configuration that only requires
the addition of a single, gradient ND filter to the objective pupil.

It works well for observing transparent, living specimens without

staining. Advantages of the gradient contrast method compared
to the conventional phase object observation method include:

It works well on thick specimens

It is effective on specimens in a plastic Petri dish

Observations can be made through a Petri dish’s lid,
reducing the risk of contamination to cultured cells

A dedicated objective is not required

Element switching at objective conversion is not required
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[mproving
Pre-Observation
EmCienCY Microscopy is an important tool in life science and medical

research. Microscopes can be used to observe micro regions in
high resolution, but their observation field of view is narrow, making
it difficult to know which part of the sample is being observed.

N To start observing a specimen with a microscope that has

I o eyepieces, the first step is to visually align the sample with

the microscope’s optical path of focus. Then, the user must
look through the eyepieces to perform a detailed search to
determine the observation position. This series of tasks is called
pre—observation preparation. If the user is not familiar with the

microscope’s operation, it can be a slow, iterative process.

Explore smarter imaging Workf.low's
with the APEXVIEW™ APX100 .
benchtop fluorescence microscope
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Request a demo
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APEXVIEW™ APX100 Benchtop
Fluorescence Microscope

The APEXVIEW™ APX100 benchtop fluorescence microscope’s smart sample navigator
automatically performs the following tasks, helping make pre—observation preparation faster:

Acquires a macro image to get a complete picture of the sample

Aligns specimens for immediate observation

Initializes focus position adjustment based on the vessel

Conventional Microscopes

Stage
Alignment

Observation and Analysis

Smart

Sample Observation and Analysis < >
Navigator More Time for

Experiments

APX100 Microscope

Figure 1. The APX100 workflow is more efficient than a conventional microscope.
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Figure 2. An overview of the APX100 system’s macro optics.
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Macro Images

Macro images that capture the overall picture of the sample are
useful for quickly finding the observation position. The APX100
system’s unique widefield macro optics enable it to quickly
acquire overview macro images at the start of imaging.

Macro optics for obtaining widefield images are often not
telecentric. This means that in a macro image of a well plate,
the shape of the well around the field of view is distorted.
Specifically, the wall surface is reflected in the macro image,
making it difficult to distinguish the well's bottom surface.

To prevent the wells in the field of view from being distorted,
a narrower field of view can be used. However, this requires
several images to be acquired for each well and stitched
together to create the final macro image.

To overcome these limitations, the APX100 system uses a
large—-aperture lens for the macro optical system (Figure 2),
realizing good telecentricity and a wide field of view. The macro
optics” magnification is about 0.07X, and a macro image of a
sample in the holder can be acquired with just two snapshots.
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Sample Recognition

The smart sample navigator uses Al (deep learning)-based sample recognition to automatically locate the
sample in the macro image when using the sample holder for glass slides. The system’s stage then moves
so that the sample is in the micro—optical path and adjusts the height of the objectives, enabling users to
immediately start detailed observation.

Analyzing the sample using the Al is divided into two phases: learning and inference. To make inferences,
the Al first needs to be trained using a set of learning images. Fortunately, the smart sample navigator’s
sample recognition function is already equipped with a neural network that was pretrained using many

Al Network

Input

Figure 3. The APX100 system’s recognition Al network and sample recognition results.
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SIS

types of samples. In addition to HE-stained tissue samples, the identification class includes achromatic
tissue samples, such as brain tissue sections of laboratory mice stained with fluorescent dyes, and
cover glass.

Inference is performed when the captured macro image is input into the trained Al network (Figure 3) to
detect the tissue and cover glass on the observed slides. The system displays the specimen recognition
results in a green frame to assist with user recognition during imaging experiments (Figure 3).

The individual green boxes surrounding
the specimen are the Al-based
specimen recognition results

Output (sample)

12



Observation Support

The smart sample navigator helps to make observation even more convenient with the following functions:

2. Acquires high-resolution overview images using the sample 3. Identifies areas where there could be a collision with sample

1. Specifies the observation position on the displayed macro image
recognition results (see Figure 5). holders during observation (see Figure 6).

and quickly moves to the observation position (see Figure 4).

results and setting up an
overview image acquisition

| (O ey ] : . " o | Freearea v /¢ v
— S — Using the specimen recognition | L4
P s 2 ) 2

Specify the observation
| position on the displayed
macro image.

If specified, the area of
possible collision between
the sample holder and the
objectives is displayed

Acquisition range of
the overview image

Figure 5. Designating the overview image acquisition range using the image

Figure 4. The cellSens APEX software user interface.
recognition results.
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Figure 6. The software displays areas that are at risk of colliding with the sample holder.
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The APX100 system’s smart sample navigator improves
the conventional microscope’s pre—observation workflow.

‘\
(
)
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Instead of having to manually move the stage to find the
\ sample, adjust the height of the objectives, and search for
( the observation position before observing a sample,
the smart sample navigator automates this process,

greatly improving efficiency.

With just one click, the smart sample navigator finds the
sample, moves it to the micro—observation optical path,

and adjusts the height of the objectives. The entire sequence
takes only about ten seconds. The acquired macro image
enables you to immediately check the position you want to
observe, quickly move the stage to the observation position,
and start observation.
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A Faster Path from [ g
Setup to Observation il

Imaging workflows rarely depend on image quality alone.

Researchers also evaluate how quickly a system can be prepared, how often adjustments
interrupt observation, and how easily different specimen types fit into the workflow.

Gradient contrast microscopy reduces several optical constraints associated with unstained specimen Siic R
imaging through a simplified optical approach that fits more easily into common laboratory workflows. o
At the same time, automated sample navigation and Al-assisted recognition help reduce manual setup

before observation begins for better overall observation efficiency.

Together, gradient contrast imaging and Al-assisted workflow tools help researchers move from sample
preparation to usable image data with fewer interruptions, fewer adjustments, and less manual setup.

Explore smarter imaging workflows with the APEXVIEW™
APX100 benchtop fluorescence microscope

Request a demo
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