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USE OF PHASE CONTRAST MICROSCOPY 

Stanton G. Axline 

I. INTRODUCTION 

Phase contrast microscopy is a very useful and powerful 
tool for examining the morphology of mononuclear phagocytes. 
The power of this system lies in the ability of phase contrast 
illumination to enhance enormously contrast within cell tis-
sue samples. It is particularly useful in studies of thin 
unstained samples in which only minimal detail can be seen by 
standard bright field illumination. 

Much of the theoretical and practical work in developing 
phase contrast microscopy was performed by the Dutch physicist 
Zernike who first applied the principle to microscopy in 
1932 (1). However, it was not until after World War II that 
phase contrast microscopy was developed effectively. It rep-
resented an advance in microscopy of sufficient magnitude that 
in 1953 Zernike was awarded the Nobel Prize for his achieve-
ment. A detailed, theoretical analysis of phase contrast mi-
croscopy is not appropriate here, but the interested reader 
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may wish to refer to the works by Zernike (1, 2), Martin (3), 
Loveland (4, 5), or James (6). 

In light microscopy the two important changes that occur in 
light passing through a specimen are changes either in ampli-
tude or phase. For conventional bright field illumination, mi-
croscopy with stained specimens contrast within an object is 
brought about mainly by differences in light absorption. In 
phase microscopy, on the other hand, differences in refractive 
index within the sample cause the emitted light to be changed 
in phase relative to that which entered the sample. Such phase 
difference in light waves are then visualized as changes in 
light amplitude. 

Illumination for phase microscopy requires a light source 
that is a relatively narrow line in the rear focal plane of the 
substage condenser. With the condenser and the objective prop-
erly focused, light waves that originate at a point in the an-
nular source will form a parallel bundle of rays when passing 
through the field plane. If not affected by the object to be 
examined, they will be focused again by the rear focal plane of 
the objective to provide an image of the annular source. They 
will then be dispersed to cover the entire field. However, 
with a specimen in the field, some light will be diffracted by 
its optical edges including interior detail. With a specimen 
composed of many refracting points, the entire aperture will be 
filled. This system provides an extremely sensitive method of 
separating undeviated light waves from those that were deviated 
by the sample. In phase contrast microscopy the change in phase 
of direct versus diffracted light that emerges from the specimen 
makes the object visible. Changes in refractive index or light 
path length occur primarily at edges within a specimen, thus 
making the phase phenomenon an edge effect. 

If the image of the specimen is darker than the field back-
ground, the system is referred to as dark phase contrast, where-
as if the image is brighter than the background, the system is 
bright phase contrast. The shift in phase between the unde-
viated and diffracted light is usually designed to be ±1/6 to 
1/4 of a wave length (7, 8). If the direct beam is advanced 
relative to the diffracted beam, the system is referred to as 
positive phase and dark contrast usually results. For negative 
phase the direct beam is retarded relative to the diffracted 
beam and bright contrast is usually obtained. 

II. EQUIPMENT AND REAGENTS 

Special features of phase contrast microscopy worthy of 
separate mention are the light source, condenser, phase ob-
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jectives, and telescopic arrangement for viewing the phase an-
nulus. Each will be discussed in more detail below in Sections 
A through D. 

A. Light Source 

Köhler illumination must be used for phase contrast micro-
scopy. This system, invented by August Kohler in 289 3 (8, 9), 
requires a light condenser to focus the image of the light 
source on the back field plane of the microscope condenser. 
The light must be shaped so that the bright portion of the 
source will cover the annular aperture of the condenser. 
Whether the light source is built into the microscope stand or 
is separate is not important, but the light must be of high in-
tensity to overcome the luminious inefficiency of phase micro-
scopy. Phase contrast typically requires ten to twenty times 
the light intensity used for bright field illumination. Lamps 
most commonly used for phase contrast have a ribbon filament 
or are "arc" lamps using zirconium, mercury, tungsten, or car-
bon. Open incandescent wire lamps are generally not suitable 
for phase contrast. 

B. Condenser 

The light emitted from a phase condenser is typically an-
nular in shape. Variables of the annular ring that will in-
fluence the quality of image produced are the diameter of the 
ring, width of the band, and position of the annulus in the op-
tical system. In phase microscopes, the annular aperture in 
the substage can be centered since the image must lie within 
the annulus of the phase plate. The diameter of the annulus 
must be matched precisely to the diameter of the phase plate 
in the objective. Therefore, most phase condensers have more 
than one phase annulus in the condenser. 

C. Phase Objective 

The characteristic of a phase objective that separates it 
from a bright field objective is the requirement for a phase 
plate. The phase plate on the objective is annular in shape 
and is produced by the evaporation of thin layers of magnesium 
or cryolite on the back lens. The thickness of the layers af-
fects directly the magnitude of the phase shift that will be 
produced. It will determine if the direct rays are advanced 
or retarded relative to the diffracted rays. The phase annu-
lus should be imaged exactly over the phase plate near the back 
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of the focal point of the objective. The condenser annulus and 
the phase plate of the objective should match each other pre-
cisely and thus only objectives of identical geometric and op-
tical characteristics can be used with the same phase condenser 
annulus. 

D. Telescope 

The image of the annulus as projected onto the phase plate 
can be observed by removing the eyepiece and looking down the 
tube. To provide proper adjustment, a focusing telescope is 
used that can be inserted into the tube in place of the eye-
piece. The centering telescope is a small instrument resembling 
an eyepiece with which the image of the condenser annular dia-
phragm formed at the back focal plane of the objective can be 
viewed under magnification. Such a device is also referred to 
as an Amici - Bertrand lens. In some systems an Amici - Ber-
trand lens is mounted in the microscope tube that, together 
with the eyepiece, forms a telescopic system. 

E. Microscope Covers lips 

American manufacturers have designed objectives to be used 
with coverslips of 0.18-mm thickness, whereas European manufac-
turers typically have assumed a coverslip thickness of 0.17 mm. 
Coverslips identified as No. 1 1/2 thickness have a mean thick-
ness of 0.18 mm with 85% of this designation being ±10 \xm of 
0.18 mm thickness. If a thicker coverslip is used, the image 
contrast will be diminished and spherical aberrations will be 
produced. This is a particular problem with phase objectives 
of high numerical aperature and magnification. For objectives 
with a low numerical aperature no visible degradation in image 
due to coverslip thickness will be produced. 

F. Observation Chambers 

If phase contrast observations of living cells are to be 
performed, a culture vessel should be selected that has a flat 
top as well as bottom and both surfaces should be of uniform 
thickness. The characteristics of the vessel bottom are the 
most critical. For reasons outlined above the ideal thickness 
is 0.18 mm for observations requiring a high power objective. 
Any deviation from this standard thickness will result in di-
minished quality of phase contrast. The thickness requirement 
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for the vessel top is less stringent but uneven thickness will 
affect the apparent lamp alignment as well as the ability to 
center the phase ring. 

G. Reagents 

1. Buffered Glutaraldehyde Fixative 

Prepare 0.1 M phosphate-buffered saline at pH 7.4 (PBS) as 
indicated. The following reagents are used: NaCl Crystals 
Reagent Grade, 8.00 gm, KC1 Crystals - U.S.P., 0.20 gm, 
Na2HP04-7 H20, 2.17 gm, KH2PC>4 Anhydrous - A.R. , 0.20 gm. Add 
double-distilled H20 in volume sufficient to make 1000 ml. 
Sterilize by autoclaving. 

Prepare 1% glutaraldehyde solution in PBS at pH 7.4 as fol-
lows: glutaraldehyde, 8%, 10 ml, E.M. Grade aqueous glutaral-
dehyde in snap open vial stored under nitrogen, Polysciences, 
Inc., and sterile PBS, pH 7.4, 70 ml. Store glutaraldehyde in 
PBS at 4°C. Glutaraldehyde prepared in this fashion will be 
slightly hypertopic with an osmolality of 330 mOsm/kg. 

H. Inverted Phase Microscope 

To examine living tissue culture preparations in T flasks 
or petri dishes an inverted phase microscope offers many ad-
vantages. It eliminates the need to use specialized chambers 
such as the Sykes-Moore (10) or Rose (11) chamber in which only 
a small number of cells can be examined. Inverted phase mi-
croscopy is quite useful for checking the progress of cultures 
in flasks and can be adapted readily for still photography or 
cinephotomicrography. The optical principles and general con-
siderations involved in inverted phase microscopy are identical 
to those for upright phase microscopy. 

III. PROCEDURES 

A. Phase Microscope Adjustment 

1. The microscope light should be ignited a sufficient 
time before use so that the light intensity is at its maximum 
and the output is stable. This is especially important if "arc" 
type lamps are used. 

2. The light source, if adjustable, should first be cen-
tered. For this step the condenser should be removed and no 
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slide or specimen placed in the light path. A 40X objective 
should be placed in the operating position and the viewing 
telescope placed in the ocular tube. Focus the telescope while 
moving the field diaphragm until the light spot is well cen-
tered. The light should be positioned so that the light spot 
provides maximum brightness. 

3. Rotate the condenser collar until the clear aperture 
is positioned in the optical axis of the microscope. 

4. Replace the telescope with a viewing eyepiece, rotate 
a 10X objective into position, insert specimen, and focus the 
specimen image. 

5. Move the Abbe condenser up or down until the image of 
the field diaphragm is in focus through the eyepiece. 

6. Adjust the condenser until the image of the light 
source is centered in the field of view. The field diaphragm 
should then be opened until the border of its image just disap-
pears from the field of view. 

7. Insert a green filter into the light pathway before it 
enters the condenser. A green filter should be used since con-
trast in phase image is enhanced by use of monochromatic light. 
Microscopes used for analysis of biologic specimens are designed 
to produce optimum phase quality with incident light of 543 nm 
in wavelength. 

8. Change to the desired objective and rotate the condenser 
ring until the annular ring matching that of the objective is in 
the optical path. 

9. Recenter the condenser annulus in the light path if the 
microscope being used requires separate centering for each phase 
annulus. 

10. Replace one of the eyepieces with the phase telescope 
and adjust the microscope until the condenser annular diaphragm 
is in sharp focus. 

11. Adjust the phase condenser so that the phase plate and 
the annular diaphragm of the condenser are centered precisely. 

B. Macrophage Sample Preparation 

Sample preparation, important in all types of microscopy, 
is especially important in phase contrast microscopy. The 
sample to be examined should be quite thin for phase work (ap-
proximately 1 ym in thickness). If the sample is too thick un-
deviated light from one layer may be diffracted in an upper 
layer and produce an image of low contrast. Macrophages main-
tained as monolayers on an optically clean glass surface such 
as a coverslip provide the most suitable type of sample for 
high magnification phase contrast microscopy. 

During in vitro cultivation the macrophage coverslip prepa-
ration can be maintained in tissue culture medium in a suitable 



V. MORPHOLOGY OF MONONUCLEAR PHAGOCYTES 355 

vessel. If the sample is to be fixed prior to microscopy it is 
convenient to maintain the coverslip preparation in a petri 
dish or Leighton tube. If a living macrophage preparation is 
to be examined, one of several tissue culture chambers such as 
the Sykes-Moore (10) or Rose (11) chamber is more convenient. 
Such chambers offer the advantage that high magnification ob-
jectives (100X) with short working distances can be used. For 
lower magnification microscopy in which less detail is required, 
macrophages can be cultured in tissue culture flasks. 

C. Fixation of Coverslip Preparation of Macrophage Monolayers 

1. Macrophages are cultured in a Leighton tube containing 
one 10 x 35 mm coverslip (No. 1 1/2). In this configuration 
1 ml of tissue culture media is used. 

2. At the time the cells are to be fixed the Leighton tube 
is removed from the 37°C incubator and the ti-sue culture media 
is aspirated immediately using a Pasteur pipette. 

3. The monolayer should be rinsed once rapidly but gently 
with saline at 37°C. 

4. A 1 ml volume of 1% glutaraldehyde in PBS at 37°C should 
be added to the Leighton tube. 

5. The fixative should remain in place for at least 10 min-
utes at room temperature. The glutaraldehyde should be removed 
by aspiration with a Pasteur pipette and the coverslip prepara-
tion rinsed twice in 5 ml portions of distilled water. 

6. The coverslip is then withdrawn gently from the Leighton 
tube using a hooked wire and mounted in a drop of distilled wa-
ter or phase contrast mounting fluid cell side down on a clean 
microscope slide. 

7. Care must be taken to remove all air bubbles from be-
tween the two glass surfaces. Excess water is then removed by 
absorbant paper from the edges and exposed surface of the cover-
slip. 

8. The edges of the coverslip are sealed with warm paraffin 
wax. If the wax is applied carefully the mounted coverslip 
preparation will remain sufficiently moist if stored at room 
temperature for satisfactory phase contrast microscopy for 24 
to 48 hours. Storage time can be prolonged by keeping the slide 
preparation in a humid chamber. Since no attempt is made to 
keep the coverslip preparation sterile during mounting the ef-
fective life of the sample is often limited by bacterial growth. 
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IV. CRITICAL COMMENTS 

A. Köhler Illumination 

Köhler illumination is far preferable to "critical illumi-
nation" for phase contrast microscopy. Köhler illumination by 
design requires a separate condenser to project an enlarged 
image of the lamp filament, and an iris or field diaphragm to 
provide control over the size of the area to be illuminated. 
The Köhler system does not require a homogenous light source 
since the lamp condenser system provides even illumination. 
An additional advantage is its ability to provide more light 
from a low wattage lamp due to the ability of the system to 
collect more light from the source. Of special importance in 
phase contrast work is the ability of Köhler illumination to 
provide higher contrast and thus yield a qualitatively better 
image. 

B, Phase Contrast Versus Interference Microscopy 

A discussion of the use of phase contrast microscopy for 
the examination of mononuclear phagocytic cells would not be 
complete without mention of interference microscopy. Inter-
ference microscopy is a more recent development than phase mi-
croscopy but both systems have been in widespread use for a 
sufficient period of time to assess their relative roles. The-
oretically, there is no fundamental difference between the two 
types of microscopy. In both forms the objective is to convert 
invisible phase changes of light into visible amplitude changes. 
However, the optical equipment required for the two forms of 
microscopy differs and consequently the images produced are not 
identical. An excellent description of the similarities and 
differences between phase contrast and interference microscopy 
can be found in a monograph by Barer (12). 

Interference microscopy systems have the capability of vary-
ing at will the phase shift. Such flexibility is enormously 
useful for studies in which quantitation of the degree of phase 
shift is required. However, it represents only a modest ad-
vantage for morphologic analyses. 

Phase contrast microscopy offers the advantage that contrast 
between adjacent objects within a specimen is greater than with 
interference microscopy. Although the latter provides a more 
true representation of phase shifts, the exaggeration of con-
trast at edges characteristic of phase microscopy is often a ma-
jor advantage for morphologic studies. The explanation for such 
differences is that phase contrast is an imperfect method of 
interference contrast. A phase plate is used to separate direct 
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and diffracted light and thus produce phase changes. Direct 
light falls on the phase annulus and diffracted light falls on 
the annulus and the entire phase plate. Thus, the direct and 
diffracted light are not separated completely. Incomplete sepa-
ration results in images that do not quantitatively reflect 
changes in phase shift. One manifestation of this effect is en-
hancement of contrast at zones of sharp changes in phase and 
thus the production of a halo at such boundaries. In contrast, 
interference microscopy produces a truer representation of phase 
changes and the resultant images are characterized by the ab-
sence of a halo and diminished phase effect at boundaries· The 
ability to reproduce phase changes more accurately in interfer-
ence microscopy accounts for the "contoured" appearance of cells 
examined by this technique. 

Images produced by interference microscopy have the appear-
ance of being three dimensional and create the impression that 
surface details are being observed. In fact, the apparent in-
crease in depth of field is an illusion. Contrast is produced 
in a thin section and thus the image is free of out-of-focus de-
tails. Phase contrast systems gather light from functionally 
thicker specimens than interference systems. The ability to ob-
tain information from a thicker "section" is often an advantage 
for morphologic studies. However, if the sample is too thick a 
diffuse halo may result and internal detail will not be visible. 
In such circumstances, interference microscopy may be more suit-
able than phase contrast. 

Interference microscopy is quite sensitive to subtle varia-
tions in slide and coverslip thickness. Thus, frequent read-
justment may be required for different parts of the preparation. 
Phase contrast microscopy, on the other hand, is much less sen-
sitive to such variations. 

C. Phase Contrast Photomicrographs of the Macrophage 

The typical phase contrast appearance of well differentiated 
mouse peritoneal macrophages are shown in Figures 1 and 2. 
Cells were grown as monolayers on a coverslip in Leighton tubes 
under culture conditions described previously (13, 14). Mono-
layers were fixed and mounted as described in this monograph 
and phase contrast microscopy and photography were performed 
using a Zeiss Ultraphot II. Cells shown in Figure la were cul-
tured for 48 hours in 50% heat-inactivated newborn calf serum 
(NBCS) in tissue culture medium 199 whereas cells shown in 
Figure lb were cultivated for the same duration of time in 5% 
NBCS. Each macrophage has a single slightly indented nucleus 
containing prominent nucleoli. The centrosphere region contains 
abundant large phase dense secondary lysosomes which are well 
demarcated from more peripheral cell regions. Note that the 



358 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

mn * 
Alii*« 

i r a ; Kb) 

Fig. la,b. Mouse peritoneal macrophages cultivated in 
Medium 199 for 48 hours (a) in 50% NBCS, (b) in 5% NBCS. Cells 
were grown as monolayers on coverslips in Leighton tubes. 
Phase contrast x 2500. 

cell grown in a high concentration of NBCS contains much larger 
and more numerous lysosomes than the cell grown in the tenfold 
lower concentration of NBCS. Surrounding the lysosome contain-
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Fig. 2. Cultivated mouse peritoneal macrophage shortly 
after ingestion of nondigestible Amaranthus starch particles. 
Phase contrast x2800m 

ing centrosphere region is a narrow zone containing highly re-
fractile lipid droplets. Lipid droplets are present in even 
greater abundance in the cell shown in Figure 2. 

Peripheral to the centrosphere region the cytoplasm forms 
a thin veil which by phase microscopy is only slightly more 
phase dense than the background. In these regions of the cells 
are seen phase dense mitochondria as well as pinocytic vesicles 
which have the appearance of clear "punched out" areas in the 
cytoplasm. 

The macrophage shown in Figure 2 was cultivated in 50% NBCS 
for 48 hours and then permitted to phagocytize starch particles. 
The starch is irregular in shape and because of its thickness 
each piece is surrounded by a halo. Phagocytized particles are 
limited in distribution to the centrosphere region of the cell. 
Irregularities of the cell surface at sites of attachment to the 
glass substratum are particularly well seen in this cell. 
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D. Glutaraldehyde 

Multiple chemicals have been used as fixatives of biologic 
specimens for microscopy. Among these the aldehydes have been 
found to be especially suitable. Formaldehyde was the first of 
the aldehydes to be used but, since 196 3, glutaraldehyde has 
gained widespread acceptance. The basis for the use of gluta-
raldehyde for this purpose is the work of Sabatini, Bensch, and 
Barnett (.15) who performed comparative studies of multiple al-
dehydes as a tissue fixative for electron microscopy. Glutaral-
dehyde was demonstrated to yield superior preservation of mor-
phology as assessed by electron microscopy. Further, it has the 
additional advantage of preserving a substantial fraction of 
multiple tissue enzyme activities. Thus, glutaraldehyde-fixed 
samples can be used for histochemical and cytochemical studies. 

Glutaraldehyde is a dialdehyde that reacts quickly with 
proteins, particularly the free amino groups, in a manner pre-
sumably analogous to formaldehyde. Unlike formaldehyde, how-
ever, glutaraldehyde is difunctional and can participate exten-
sively in cross-linking of amino acids and proteins. The chemi-
cal reactions involved in the interactions of glutaraldehyde 
with proteins are not clearly understood. Schiff base formation 
has been mentioned frequently as the principle reaction. How-
ever, the assumption is not consistent with the observations 
that protein cross-linking by glutaraldehyde is not reversed by 
treatment with semicarbazide and can withstand wide variations 
in pH, ionic strength, and temperature (16). Whatever the 
mechanisms, the extreme stability of protein cross-linking rep-
resents a major advantage of glutaraldehyde over other tissue 
fixatives. 

Glutaraldehyde penetrates rapidly into tissues and produces 
fixation quickly. However, to obtain optimal fixation it is 
important to use an excellent grade of the monomeric form of 
the chemical. Glutaraldehyde, like any aldehyde, is subject to 
oxidation when exposed to air and to self-polymerization when 
stored in concentrated solutions (>25%). Polymerization also 
occurs rapidly at an alkaline pH. From the view point of the 
microscopist both reactions are undesirable since the resultant 
compounds are less effective than monomeric glutaraldehyde as a 
tissue fixative and are more inhibitory to enzyme activities. 
Polymerization can be avoided by using E.M. Grade glutaralde-
hyde prepared by Polysciences, Inc. In this preparation mono-
meric glutaraldehyde is prepared as an aqueous solution at pH 
5.0 packaged in nitrogen. This material can be stored for long 
periods of time at 4°C. 
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