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INTRODUCTION

Microwave (MW) technology has found a permanent niche in the
world of surgical pathology, biomedical research, andallied disciplines,
for afew simple reasons: It can reduce the processing times for tissue
samples destined for evaluation by light, scanning, or electron micros-
copy (EM); itisrelatively inexpensive; and it is applicable to a wide
rangeof applicationsthat extend beyondtissueprocessing. MW-assisted
processing of tissue samples, sections, or slidesisanew tool intheway
the art and science of tissue processing is approached. Understanding
of the technology and how to apply it are probably the two most critical
factorsin determining overall individual successor failure. Thisreport
may provide a better understanding of the methods of MW-assisted
processing, and introduce a new methodology for tissues being pro-
cessed for evaluation by EM.

The first reported use of a MW in tissue processing was by Mayer
(1970), which described MW heating as a direct means of tissue stabi-
lization. Sincethat first report, MW stabilization has become known as
aprocess in which tissue samples, either fresh or taken from formalin,
are placed in a solution (typically, normal saline), and heated to final
solution temperatures (temps) between 45 and 70°C inthe MW (L eong,
1991, 1994; Hopwood, 1993; Kok and Boon, 1992).
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MW-assisted chemical fixation wasthe next processto evolve, (first
reported in the late 1970’ s [Login, 1978]), and it has become a method
for rapid fixation of tissue being processed for EM (Login and Dvorak,
1988, 1993; Login et al., 1990; Benhamou et al., 1991; Giberson and
Demaree, 1995). Rapid fixation was followed by thefirst report (to the
author’s knowledge) of MW energy being used for epoxy resin poly-
merization (Giammara, 1985).

By the mid 1990's, MW technology was gaining some convertsin the
EM field, as amethod to facilitate the fixation process. Tissue processing
for EM, however, is a time-consuming process that routinely requires
3648 h to complete. The fixation steps (aldehyde followed by osmium
tetroxide [OsO,]) usually account for <10% of the total time. Boon et al.
(1986) had reported on MW-assisted dehydration, clearing, and paraffin
infiltration for histology. The author et al. applied asimilar approachtothe
remaining steps (dehydration; resin infiltration; resin polymerization) of
tissue processing for MW (Giberson et al., 1995, 1997). A unified
MW-assi sted processing protocol evolvedfromthiswork. Thetimerequired
to processfreshtissueto apolymerized resin block waseffectively reduced
from 3648 h to <4 h. During this period, the combining of vacuum (vac)
and microwave irradiation (MWI) was reported on as a histoprocessing
technique (Kok and Boon, 1994, 1996; Kovacs et a., 1996).

Chapter 3 describes the original vac MW-assisted processing of
botanical tissues for EM. This work describes vac MW-assisted pro-
cessing of animal tissuesfor EM. Vacisapplied during thefixation and
resin infiltration steps in the MW. This protocol was designed around
commercially available equipment (Ted Pella, Redding, CA), and has
reduced tissue-processing times for EM to 2 h.

MATERIALS AND METHODS
Equipment and Materials Required

The MW used was a Model 3451 Microwave Processor (Ted Pella)
which comes equipped with the following: a water-load recirculation
device(load cooler), variablepower controller (suppliescontinuouspower
output from 250 to 750 W), accessories for tissue processing and MW
ovencalibration, and atemp-restrictive(TR) temp probeto control sample
temp maximums during MWI. A vac chamber (Ted Pella, no. 3435) was
used for the vac MW steps. Standard fixatives (2% glutaraldehyde in
0.1 M sodium cacodylate, pH 7.2—7.3; 2% aqueous OsO,), dehydrating
agents (50, 70, 90, and 100% acetone), and resins (Eponate 12, Ted Pella)
were used. Rat liver, kidney, and lung were the tissues processed.



Vac-Assisted MW Processing for EM 15

Processing Protocol

1. MW oven calibration. Thefirst step in processing is the determination
of hot and cold spotswithinthe MW cavity (MW calibration) (Giberson
and Demaree, 1995; Login et al., 1996). This process is necessary to
ensure uniform MW heating of the microcentrifugetubes(MTs) during
thefixation steps. A neonbulb array isnormally used toidentify hot and
cold spots; however, it is too large to fit into the vac chamber. Two
100-mL water loads are positioned inside the vac chamber, as well as
an additional load (1-L plastic beaker containing ~800 pL water) posi-
tioned behind the vac chamber (Fig. 1). Thisload is recirculated and
cooled to a constant temp during MWI. A tria fixation run (without
samples) isdone (see step 2 below) with the aldehyde fixative, and the
same number of MTs that will be used during the actual fixation run.
Temp maximumsamong all tubes should bewithin 3-4°C of each other
after MWI. If not, increase water-load volumes, and/or reposition the
vac chamber relative to the 1-L water load (see Fig. 1).

2. Aldehyde fixation. The vac chamber with water loads is positioned as
showninFig. 1. TheMTs, containingthesamples, areplacedinaTeflon®
holder (Fig. 2), and filled with 600 + 100 pL fixative. Fixative temp
shouldbe<20°C priortoMW!I. TheMW isprogrammedfor thefollowing
time sequence: 1 min. 0% power; 40 s 100% power at 650 W; 3 min, 0%
power. The holder is placed in the vac chamber, asshownin Fig. 1, and
avac of 20" Hg is drawn. The programmed time sequence is initiated.

3. Buffer rinse. Remove the holder with MTs from the vac chamber, and
replace the fixative with buffer. There are two buffer changes during a
5-min period outside the MW.

4. 0sO, fixation. The same series of steps used during the aldehyde fixa-
tion are repeated for Os fixation.

5. Acetone dehydration. Thetissue samplesaretransferred to baskets, for
dehydration and resin infiltration. 1-7 baskets can be placed in the
55 mm diameter polypropylene Petri dish (Ted Pella). The Petri dishis
filled with ~15 mL 50% acetone prior to tissue transfer fromthe MTs.
A second water load is placed in the MW cavity, prior to starting
MW:-assisted dehydration. Thisisdoneto create acold spot that can be
checked using the neon bulb array. The samples are placed in the MW
cavity, and thetemp probeisplaced intheacetone (Fig. 3). Thecontinu-
ouspower output of theMW isset for 650 W, MWI at 40 s, and thetemp
restriction at 37°C, for each dehydration step. The following graded
seriesisrun: 1 x 50%; 1 x 70%; 1 x 90%; 2 x 100%.

6. Resin infiltration. The vac chamber is returned to the MW chamber
without the two 100-mL water loads, and the water |oad added for the
dehydration stepsisremoved. The Petri dish, containing 100%resin, is
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Fig. 1. The location of the MTs (A) inside the vac chamber relative to the
recirculated water load (.8-1 L) in the MW cavity and the two water loads
(100 mL each) placed inside the vac chamber.

placed inthevac chamber, and thetemp probeispositionedintheresin.
Thelidto the vac chamber hasaspecial port to allow the temp probeto
monitor and control solution temps while under vac. The continuous
power output of the MW is set for 650 W, MWI at 2 min, and the TR
at 43°C. Thefollowing seriesisrun: 3 x 100% resin.

Resin polymerization. Thisisdoneunderwater, inal-L container, with
BEEM ™ capsules, according to Giberson et a., (1997). BEEM cap-
sules, containingresinand sample, arecapped withapieceof Parafilm™
inthelid. The capsules are placed in a Teflon holder, which is placed
inaRubbermaid™ ('no.5) 940-mL container, whichisfilled withwater
(Fig. 4). The original recirculated water load (~800 mL) is left in the
MW during polymerization. The continuous power output of the MW
isset for 750 W, MWI for 75 min, and the TR israised from 60, 70, and
80°C at 10-min intervals, for thefirst 30 min, then israised to >100°C
for the remaining 45 min.
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Fig. 2. The MT holder is MW-transparent (i.e., does not heat), and can hold up
to 14 sample tubes. The fixative vol (600 + 100 pL) and tissue samples are
depicted in two representative M Ts placed in the holder.

Fig. 3. A 55-mm polyethylene Petri dish, containing two tissue-processing
baskets is shown relative to the water load placements in the MW cavity. The
TR temp probe tip is placed into the acetone in the Petri dish, to control temp
maximums during MWI.
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Side View
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Fig. 4. BEEM capsules(or similar) containing resin and sample are capped with
apiece of Parafilminthelid, placed in a Teflon holder, which is centered in a
Rubbermaid (no. 5) 940-mL container. The container isfilled withtap water, as
shown, and the TR temp probe placed in water to control temp maximums
during the first 30 min of MW-assisted polymerization.

Comments on the Processing Protocol

Each step in the MW is an independent event, which meansthat a step
done on the bench can be followed by a step or stepsin the MW, or visa
versa. Althoughthebuffer rinseisnot routinely aM W-assi sted step, because
of itsshort duration, it can bedoneinthe MW asa40-sstep identical to the
parameters outlined for dehydration. For difficult-to-fix tissues, the best
results come from using alow, continuous power setting (i.e., 250 W) for
an extended time period (545 min) (unpublished results and personal
communication), using thetemp probeto control thetemp maximum of the
fixative. When using paraformal dehyde as the fixative, or in combination
with glutaraldehyde, the 40-s MW step is done at 250 W. The 3-min 0%
power period isthen followed by 10 sat 650 W (see Chapter 16 for details
regarding the influence of MW radiation on formalin).

Polymerized resin blocks were sectioned, picked up on 200-mesh
copper grids, poststained with uranyl acetate, and lead citrate, and
viewed by aPhilips T/EM 400 transmission EM. Photography wasdone
by routine darkroom methods.
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RESULTS

Thethreetissues processed by vac MW-assisted processing wererat
lung, liver, and kidney. The samples were processed together, and
polymerized resin blocks were ready for sectioning within 2 h, as
measured from the aldehydefixation step. Rat lung (Fig. 5A,B) demon-
strates good preservation of the phospholipid in the lamellar bodies of
thetypell aveolar epithelial cells. Ribosomesare abundant and distinct,
and mitochondrial density isgood. Rat liver isshownin Fig. 6A,B. The
cytoplasmic density is uniform, there is no extraction evident, rough
endoplasmic reticulum is well-preserved and abundant; and the mito-
chondrial density and structuresarewel |-preserved. Rat kidney isshown
in Fig. 7A,B. Structural preservation of the glomerulus is good, and
Bowman's capsule is evident in Fig. 7A, as are capillary loops. In
Fig. 7B, good mitochondrial preservation is evident, aswell as that of
the basement membrane, capillary endothelium, and podocytes. Micro-
tubules are evident in the podocytes (Fig. 7B).

The quality of preservation, resin infiltration, and cutting properties
wereequal to, or better than, that achieved using routine bench process-
ing protocols requiring 36—48 h to complete (results not shown). Elec-
tron beam stability of the MW-cured resin is excellent, as are the
post-staining properties (uranyl acetate followed by lead citrate).

DISCUSSION

Vac MW-assisted processing of tissuefor EM introducestissue-pro-
cessing flexibility that has not existed before (Giberson et al., 1995,
Giberson, 1997). Each step (aldehyde fixation; OsO, fixation, graded
dehydration series, resin infiltration) can be completed in <10 min for
the majority of tissues the author hastried to date, including: Chlamy-
domonas cells, yeast with cell walls, nematodes, and botanical tissues
(unpublished results). MW-assisted resin polymerization is the time
consuming step in the process, requiring 75 min for epoxy resins and
40 minfor LRWhite(Gibersonetal., 1995,1997; Demareeetal ., 1995).
The polymerization step differs from other published methods (Giam-
mara, 1985, 1993) in that polymerization is equal among all specimen
blocks, does not require any MW oven calibration, and can be done as
aroutine procedure.

The number of different samples that can be processed at onetimeis
up to theindividual. The author has done asmany as 50 at onetime, after
the fixation steps, and prefers to fix no more than eight samples at one
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Fig. 5. (A) A low-magnification image of a type Il aveolar epithelial cell.
(B) A higher-magnification image of a type Il aveolar epithelial cell, which
demonstrates cytoplasmic detail (ribosomes, endoplasmic reticulum) and den-
sity. The phospholipid (arrow) in the lamellar bodies is well-preserved.

time, however, after fixation, the number of samples being processed
simultaneously is not a major issue, one way or the other. When arapid
answer isdesired or required, it ismost convenient to use MW-assisted



Vac-Assisted MW Processing for EM 21

Fig. 6. (A and B) arelow and higher magnifications of the typical preservation
seenwith vac MW-assi sted processing. | n both figures, the cytoplasmic density
of the hepatocytesis uniformly dense, and the mitochondrial structureiswell-
defined. Rough endoplasmic reticulum is easy to distinguish.

resin polymerization for only those samples that one intends to section
that day. Therest go to the convection oven for overnight polymerization.

Even in workshop situations, in which a number of individuals are
learning the technique for the first time, polymerized resin blocks are
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Fig. 7 (A and B) are low and higher magnifications of the typical preservation
seenintheglomerular region. A istypical of the outer regionsof theglomerulus
next to Bowman'’s capsule (arrow). B istypical of the preservation seenin the
capillary loops. Note the microtubules (arrow) in the podocyte.

obtained by the participants routinely in 3.5-4 h (unpublished results
from 18+ national workshops). Vac MW-assisted processing of tissue
specimensfor EM resultsin significant time savings, compared to any
existing methodology. The author would argue that the quality of the
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results (Figs. 5A, B and 7A,B) are comparable to those obtained from
routine bench, or other MW-assisted, protocols (Giberson et al., 1995,
1997). The implementation of vac MW-assisted processing for EM
samples results in time saving of >30%, compared to previous
MW-assisted protocols (Giberson et a., 1995, 1997), and to well over
90%, compared to bench protocols.
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