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An attempt to develop the pressurized microwave device
as a versatile biological tissue preparation instrument
— One step for the standardization of the procedure

for biological specimen preparation for E/M technology —
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Sagamihara, Kanagawa, Japan, Z)Epuko Co.ltd, YNMG Co.ltd

{Introduction]

It is important that the an attempt to preserve the ultrastructure of the cells and tissue in
biological tissue preparation, particularly autolytic process in the separated cells and tissues
should be avoided as the distortion of the tissue frequently tend to cause misinterpretation
of the pathological changes (interpretation artifact). To avoid this unfavorable process, it is
necessary to make the constituents in undissolved states, preventing the link of the
constituents to the extra-cellular milieu. The most ideal technique is the rapid freezing or
intravascular perfusion of the fixatives. However, difficulty is encountered in applying these
techniques to the human anatomical specimens. Therefore, infusional fixation technique is
frequently being used.

The fixation method has disadvantage that the rapid penetration of the fixative is not
observed. Since the speed of penetration in different tissues is various, although tissue piece
is small, fixative difference of surface and central area of tissue occurs, and electron photo
is different, too. The tissues which infiltration of resin is poor, such as bone, skin or
containing air lung tissue, usually poor fixation occurs easily. If fixation, dehydration and
infiltration are bad, the good figures can't be gotten.

The authors have made an assessment on the various fixation methods including
depressure technique for poor fixative tissues. Based on the observations, the authors have
developed simplified pressurized device using syringe tube (1994). In 1998, May,
pressurized chamber with microwave generating function has developed, which is succeeded
to the present model (MN-PMW-1, 1999, May).

Our observation indicates that the pressurized chamber gives better penetration of the

fixatives and the detailed information will be reported in this communication.
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[Basic principle and function of the device]

The cylinder is shifting up and down by the pressure of compressor. The thermal sensor
is installed at the tip of cylinder and monitoring the temperature of upper port of chamber
(Fig. 1). The outer wall of the chamber is engulfed in U shaped configuration by the

thermal-conducting casing. In the chamber, chilled water is circulated.

; Fig.1-b
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Figure 1-a. Pressurized microwave device. (Type MN-PMW1)

Figure 1-b. Microwave generation system.

The basic features of this device constitute of capability of microwave generation in
pressurized circumstance. These functions are being used easily and simultaneously. The
processing conditions could be memorized in 5 ways and could easily adjusted in respective

requirement.

1. On pressurized processing system

The depressure has been attempted by the suction of vacuum pump, however,
inappropriate addition of pressure may cause alteration of the cells and tissue. Therefore in
this device fine adjustment of the pressure is possible by exact calibration of appropriate
pressure. On the top cover, the similar hole with tip of the cylinder is located and it is
sealed by the O ring at adding pressure by shifting docern. The tip of the cylinder, the air
is pulled out and the oxidation of the fixative by air should be avoided. The pressure
should be adjustable, varying 0.1~99 mg/Hg. The time duration of addicting pressure

varies 0.1 ~999 minutes, which is suitable for Epok resin infusion for long duration.
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2. On microwave generation system

As illustrated in the Fig. 1, the microwave generated by high waves generator, which is
targeted on the opening of wave directing tube. The conventionally available MW
generating device is that the MW is generated by the magnetron conductive wave tube and
diffused by electron magnetic stirrer. In this method, complete diffusion of the MW
observed and specified addition of MW into the specimen holder is difficult and detailed
conditioning may be also difficult. Particularly reproducibility and consideration of heat
absorption in temperature elevation is very difficult. However the device reported here is
featured that the MW is efficiently generated and unfavorable elevation of temperature
avoided by specially designed cooling system. The outer wall of holder is encircled by the
U-shaped casing and MW is generated from the opening of the conductive wave tube and
MW which is collided in the inner wall is also reflect in the entire vessel of holder.
Eventually efficiently MW is irradiated to the specimen.

In this device, stitrer is provided to mix the solution to maintain the temperature
constant. The module of MW is conditioned by the control panel and generating power is
selected by choosing low or high regulating switch on the panel, also section of continuous
or intermittent irradiation could be made. The maximum temperature is 123°C and
irradiating time is one second to 999 seconds and module of internment irradiation is also

able to select.

3. Coordinated pressure and MW conditioning function

It is noted that the effectiveness of the MW irradiation to the OsO, post-fixation is
equivocal as it contains heavy metal. As the content, disturb the effectiveness of the
irradiation. Therefore, in the pre-fixation with glutaraldehyde, simultaneous use of MW and
pressure and in post-fixation with OsOs only pressure addition is applied. It is also

applicable for the activation of immuno-stain in conventional light microscope study.

|[Examples of practical application of this device and its appraisal]

The small cubic pieces of the tissue are made in pre-fixed solution and placed on each
specimen cassette. The specimens with anatomical orientations are cut on longitudinal
direction. The sections are placed in pre-fixed solution in each cassette. The specimens
cassette of various liquid content are available, namely 4ml, 8ml, 15ml respectively. The
tissues are processed following to the formula as shown in tablel. Based on the

observation, it is revealed that the most appropriate pressure in 3 atm. The suitable
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conditions should be adjusted in qualify and sizes of the tissues. Pressure set in 3-5 atm
when tissue filtrates in resins. The hard tissue such as the bone tissue, low temperature

substitution method as shown in Table 1 is recommended.

Table 1. Specimens preparation (Low temperature substitution method)

ijecimens sampling ‘Quick sampling of tissue for preveating from drying or pressed damages follow-
ing by cutting then into small pleces ad immersing fixation.

W / (MW, Pressure ) * Table2. Resin substitution at Low temperature.
I Fixed in 2%G.A. bufered at 4°C. This is the resin substitution method for hard tissue

. and large size tissue at Low temperture.
Rmsmg

Washed with the same buffer several times.

W/ﬂ { Pressure )

| Fixed in 1 ~2%0s0s bufered at 4°C.
L Rinsing —}
.l
L Dehydration 1

[ SubStlt\lthl’l

W///

¢ Pressure )
Placed the spacimens equipment over night inthe
finai step of resin infiltration.

Propylene oxide (PO)
PO: Epon mixture resin (without DMP-30).=2:1

room temperture, severaltimes
PO: Epon mixture resin (without DMP-30)=1:1

room temperture, several times
PO: Epon mixture resin (without DMP-30)=1:2

room temperture, severaltimes
Epon mixture resin (without DMP-30)

room temperture , Overnight ~ several days

(Rinse with PO)
PO : Epon mixture resin (with DMP-30)=2:1
room temperture , several times
PO : Epon mixture resin (with DMP-30)=1:1
room temperture, several times
PO : Epon mixture resin (with DMP-30)=1:2
4°C, several times ~ several days
Epon mixture resin {with DMP-30)
4°C, several days ~ 2 weeks
(3% Exchange into new resinin aday.)

-n-o-oo-oo---oo-ooccoooc-.-.o.-oo-..n-o..-.ool.
LR R R R R N R RN N R R I I Wi

l Embedding Jl—

L N N N RN N YY)

Practical application of the device for the biological specimens preparation which are
justified as relatively difficult in processing. The device is practically applied for the
biological tissue preparation, which are justified as relatively difficult in handing and

processing.

1) SKkin tissue

The skin is composed of epidermis, dermis, subcutaneous tissue, skin appendage. It is
very complicated and different in Epon penetration. Infusion of fixatives and customary
Karnosky fixative is regarded as most suitable fixative for fixation of epidermal cells,
however, the contraction of cells of spinosum layer is frequently taken place. The fixative
is 2010 mOsm in osmotic pressure.

The authors evaluated various fixatives and 2% glutaraldehyde 0.05M cacodylate buffered
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fixative is most satisfactory fixative for this purpose. The authors have attempted to fix the
skin in MW waved and pressurized conditions. As illustrated in Fig. 2, cellularity of the
epidermis and dermis has been well preserved. The cellularity of the epidermis, which is
relatively difficult, using conventional technique, is well preserved using this newly
developed device.

Hair follicle and hair cortex are also well preserved. On the case of keratosis of skin,
the use of this method and low substitution method gave the well-preserved ultrastructure of
the horny layer perse.

In the field of dermatopathological visualization of the Langerhans cell, it may offer the

further clarification of the pathogenesis of the diseases.

2) Lens of eye of mouse

The lens of the eye, the thickness in adjusted frequently also contains protein,
mucopolysaccharide. The epithelial cells and lens fibers are quite different in biochemical
constituent and biophysical property and a caution should be excised in tissue preparation.

The authors have made incision to the cornea after nucleation of the eye and pre-fixed
in 2.5% glutaraldehyde/0.1M phosphate buffer and pressurized MW waved fixation for 2
hours. Namely, pressurized post-fixation by 2% OsO4 for 60 minutes and infusion in Epok
resin in pressurized condition is suitable.

As the results, better preservation of lens capsule, epithelial cell and lens fiber has been
obtained (Fig. 3). Soluble crystan, B-crystan, and insoluble albumoid, which are
biosynthesized by the libosome as well as glutathione. Ascorbic acid and constituents
particularly [B-crystan tends to decrease in cataracts. It is of note-worthy that the electron
dense "substance in the cisterna of rough-surfaced ER in lens epithelial cells is observed
which await further clarification in future. In addition, calcifying tendo-voginitis, osseous
tissue, plant tissue (Pollen), insects have studied, using this device and detail results will be

demonstrated elsewhere.
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Figure 2. Ultrastructure of skin of human. Pressurized microwave fixation.

Figure 3. Ultrastructure of lens of mouse.
Al : Pressurized microwave fixation. Acceleration of resin penetration by
pressurized circumstance is characteristic.
A2 : Higher magnified figure of cytoplasm.
B1 : Conventional infusional fixation tissue.

B2 : Higher magnified figure of cytoplasm.

|Conclusion]

It is concluded that this device may offer the capability of excellent cellular preservation
as well as activating the enzymatic reaction during the immunoreaction either in light
microscopy or electron microscopy. The use of this device also gives beneficial effect on
dealing with the insect, plant (pollen) and microorganism, which have relatively thick cell
wall. A critical re-evaluation will be possible for the conventional biological tissue
preparation to lead to the formulization of the uniform and standardized procedure

acceptable for the global research and diagnostic use.
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