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Application of ultrasound in preparing pathological sections
to reduce processing time
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Abstract

It has been found experimentally that application of sub-mega and low megahertz ultrasound (US) of spatial and temporal averaged
intensity Isata up to 10 W/cm2 during the process of preparing pathological sections of the mouse tissue has shortened the processing time
from 12 h (without US) to less than half an hour (with US). The experiment has also showed that the processing time reached the shortest
for ultrasound f = 200 kHz among the frequencies of 200 kHz, 400 kHz, 600 kHz, 800 kHz and 1 MHz used in this study. It has been
proposed that ultrasound inducing non-inertial cavitation enhanced the permeability of cell membrane to liquid. Thus tissue fixation and
dehydration were speeded up by application of US.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Pathologists heavily rely on tissue specimens to prepare
slides for examinations and analysis. The conventional tis-
sue processing (CTP) as a gold standard of preparing a
specimen of pathological sections has existed for about
100 years [1]; it includes the following steps: (1) tissue fixa-
tion; (2) dehydration; (3) transparence (making the speci-
men optically transparent); and (4) embedding (infusing
of liquid-state paraffin). The whole processing time for
one pathological section is approximately 12 h [2]. The
main weakness of CTP is it is time-consuming and usually
introduces at least one day delay for medical personnel to
be able to observe a slide of pathological specimen after
a biopsy is performed. It is always desirable to search a
new processing technology to speed up this process.
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The ultrasound-mediated rapid tissue processing (URTP)
method has been developed in our laboratory recently and
was applied to the preparation of the pathological section
of mouse tissues. The quality of pathological slides pre-
pared from the pathological section generated using the
URTP method was examined by pathologists and consid-
ered to be just as good as those prepared from the CTP
method. It has been shown that the URTP processing time
in preparing a mouse tissue specimen can be shortened to
less than half an hour, that is much less than that of the
CTP method. It was also observed that the processing time
of the URTP method was ultrasound frequency-depen-
dent; for the same kind of tissue specimens, the preparation
time could be different with different ultrasound frequen-
cies. Among the group of 200 kHz, 400 kHz, 600 kHz,
800 kHz and 1 MHz applied, 200 kHz ultrasound provided
the shortest processing time.

In this article, the experimental method including sam-
ple preparation and handling and experimental data are
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Fig. 2. The experimental setup.
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presented; the possible physical mechanism involved with
this technology was proposed.

2. Method

2.1. Specimens

Mouse tissue specimens prepared from kidneys of mice
(ICR series, 3 month of age and 30 g of weight) were pre-
pared by medical personnel at the Gu-Lou Hospital, affili-
ated to the College of Medicine, Nanjing University
according to a protocol approved by the Internal Review
Board. The dimensions of specimens were equal to
5 mm · 5 mm · 2 mm. Efforts were made to keep the tis-
sues as fresh as possible; the goal was to keep the original
structure at the cellular level of the specimens unaltered.

2.2. Handling

Prepared tissue specimens of a mouse kidney were put
into a series of four glass beakers filled with various
reagents corresponding to each step as shown in Fig. 1.
The whole tissue processing course for tissue specimens
consisted of the following steps (Fig. 1): (1) fixation with
pure formaldehyde; (2) dehydration with 95% alcohol; (3)
transparence with pure xylene; (4) infusing heated liquid-
state paraffin into the glass beaker. The ultrasound was
applied on the tissues during the whole process (see
description below).

2.3. Ultrasound exposure

As shown in Fig. 2, a portion of the bottom wall of a
beaker, whose size was as big as the size of an ultrasound
transducer, was cut to allow the ultrasound transducer
mounted water-tightly at the bottom of the beaker with
glue. The transducer faced upward aiming those specimens
in the beaker filled with various reagents. All devices were
placed into a constant temperature water bath of dimen-
sions of 25 cm · 16 cm · 10 cm. The temperature of the
water bath was kept at 60 �C. The ultrasound intensity
and frequency are controlled by an ultrasound signal gen-
erator (home-made). The adjustable frequency range was
between 100 kHz and 2 MHz, the acoustic intensity Isata

(spatial averaged and temporal averaged intensity) was
Fig. 1. Illustration of the ultrasound-mediated method for rapid tissue
processing.
controlled under 10 W/cm2 measured by the acoustic radi-
ation method [7].

3. Results

3.1. Processing time

Our experiments have shown that the whole processing
time is a function of ultrasound frequency; the total pro-
cessing time was less than half an hour for all frequencies
tested. The minimum processing time of each step was
achieved by comparing the quality of the slide made from
the tissue section with that made from the CPT method.
When the quality of a pair of slides was indistinguishable
to us, we considered we reached our goal and the time
spent in the processing was registered as the minimum pro-
cessing time of this step. As an example, Fig. 3 shows that
six blocks of specimens prepared from a piece of kidney tis-
sue from the mouse; they were processed with the following
five exposure US frequencies; they were 200 kHz, 400 kHz,
600 kHz, 800 kHz and 1.0 MHz respectively. Slides pre-
pared from these specimens were compared with a control
shown in Fig. 3f processed using the conventional tissue
processing method (no US). A summary of processing time
of the URTP method corresponding to US frequencies of
200 kHz, 400 kHz, 600 kHz, 800 kHz and 1.0 MHz is
Fig. 3. Images (200·) of panels (a)–(e) are taken from slides prepared
from five mouse kidney sections with US. Their frequencies are respec-
tively (a) 200 kHz, (b) 400 kHz, (c) 600 kHz, (d) 800 kHz, (e) 1.0 MHz. (f)
Image of a mouse kidney section prepared using CPT method (no US).



Table 1
Comparison of the processing time (mean ± standard deviation) of various US frequencies 200, 400, 600, 800 and 1000 kHz

Frequency (kHz) Fixation (s) Dehydration (s) Transparence (s) Dip-wax (s) Total time (s)

200 240 ± 7.4 181.2 ± 6.4 239.7 ± 9.8 358.7 ± 14.3 1019.8 ± 18.8
400 299.3 ± 14.7 359.7 ± 8.0 299.7 ± 14.7 422.5 ± 14.2 1381.2 ± 33.3
600 361.3 ± 10.2 421 ± 8.2 302.3 ± 15.7 421.8 ± 16.3 1506.5 ± 24.7
800 238.8 ± 7.6 240.5 ± 4.8 242.7 ± 8.2 360.7 ± 11.4 1082.7 ± 16.6

1000 361.7 ± 19.7 419.5 ± 10.0 300.8 ± 16.4 480.2 ± 16.7 1562.2 ± 27.7

Table 2
The evaluation results of comparing the quality of 100 pairs of
pathological mouse kidney tissue slides respectively prepared by URTP
method and CTP methods by five pathologists

Pathologist
no.

Indistinguishable Rapid-section is
better

Conventional-section
is better

1 53 25 22
2 50 27 23
3 60 19 21
4 62 21 17
5 51 27 22
Total no.

(%)
281 (55.2%) 119 (23.8%) 105 (21%)
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shown in Table 1. Each processing time is presented as the
mean of 30 specimens ± standard deviation.

3.2. Tissue slide quality comparison

Total of 200 slides were prepared from 200 mouse kid-
ney tissue sections described above. Among them, 100 were
prepared using the URTP method (with US) and the other
100 were prepared using the CTP method (no US). They
were paired (one URTP method treated and the other
CTP method treated) in random. Each pair was examined
by pathologists without prior knowledge of the nature how
the slide was prepared. Pathologists were asked to rate the
quality of slides using grades of 1–3 (1 is the best, 2 the
worst and 3 indistinguishable). Five pathologists with var-
ious years of working experience participated evaluations.

The double-blind-evaluation results are summarized in
Table 2. Among the 100 pairs, 55.2% pairs were rated as
indistinguishable, 23.8% pairs were rated as URTP method
treated ones are better and 21% pairs were rated as CTP
method treated ones are better. The results summarized
in Table 2 suggested that no distinguishable difference in
quality between URTP and CTP method treated slides.

4. Conclusions and discussion

In conclusion, the URTP method has been applied in
preparation of the pathological sections of the mouse tis-
sue. The URTP method has significantly reduced the pro-
cessing time from 12 h to half an hour and meanwhile
kept the quality of the prepared tissue section undistin-
guishable from that of CTP treated sections. During the
ultrasound assistant processing, abundant small actively
moving bubbles were observed near the tissue samples. In
our opinion, the role of ultrasound in this study is similar
to that in sonoporation [3–6], i.e., ultrasound inducing
non-inertial (stable) cavitation enhanced the permeability
of cell membrane to liquid. Thus tissue fixation and dehy-
dration were speeded up by application of US. It is possible
that bubble oscillations near tissue samples may generate
shear stress on the cell membranes [8]. It in turn enhanced
cell permeability, a similar process happened during sono-
poration [3–6].

Mechanical index MI has been used to describe the pos-
sible bioeffects associated with cavitation (microbubbles’
activities) induced by diagnostic ultrasound imaging sys-
tems; it is defined by MI ¼ p�=

ffiffiffi

f
p

[9], where p� in MPa
and f in MHz are in situ rarefaction amplitude after atten-
uation correction due to tissue and frequency of ultrasound
respectively. Mechanical index (MI) was not defined for
our application. But, we might use it to measure the likeli-
hood of bubbles’ activity stimulated by ultrasound. It is
suggested by MI that low frequency may have high proba-
bility to induce cavitation; it seems to agree with the result
that the lowest frequency (200 kHz) among the group of
frequencies used has the best result. Additionally, it is also
plausible that vigorous tissue specimen mixing effect by
ultrasound may also play a role in the process by enhanc-
ing mass transport and convection in the sample. However,
the fact that the lowest frequency (200 kHz) has maximum
effects seems not to favor this explanation.

Further experiment is needed to fully understand the
physical mechanism of this technique.
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