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Abstract

Cryofixation of tissues is necessary to be able to
study the concentrations of elements by X-ray micro—
analysis. Simple dissection of heart tissue fragments
of the size needed for optimum cryofixation by the con~
ventional methods of plunge or slam freezing leads to
the development of ischaemia in the tissue fragments
and a consequent redistribution of the diffusible
elements. Heart tissue can be frozen in vivo using
liquid nitrogen cooled Cu clad pliers, but the morpho—
logical detail is preserved better if the cooled pliers

are exposed to liquefied propane immediately before

freezing. Concentrations of Na are lower and concen~
trations of K are higher in the tissue which has been
frozen in vivo compared to tissue frozen after
dissection.
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Introduction

Changes in the concentrations of the inorganic
elements Na, Mg, K and Ca are thought to control the
functions of many different cells. Although much is
known about total elemental concentrations especially

of normal tissues, more remains to be learned par—
ticularly about elemental concentrations in individual
cells, subcellular organelles, and whether alterations
occur after the onset of disease. The technique of
X-ray microanalysis offers a means of unequivocally
measuring elements at the cellular and subcellular
levels and, for the study of the diffusible elements,
cryofixation and cryopreparation are to
arrest physiological processes and to retain elements
in their in vivo situation. Although there has been an
increasiﬁé_-zﬁgaﬁt of interest in the cryofixation of
biological material and several reviews and books on
the subject have been published (see, e.g., Plattner
and Bachmann, 1982; Robards and Sleytr, 1985;
Steinbrecht and Zierold, 1987; Elder and Bovell, 1988),

necessary,

in the majority of instances emphasis has been placed
on the development of cryotechniques to produce
specimens suitable for morphological studies. However,

if the dintention is to study the specimen by X-ray
microanalysis, then the aim must be to preserve the
distribution of elements within the specimen. It is
vital that movement of elements does not occur at any
stage during specimen preparation and morphological
considerations may have to take second place. During
the development of X-ray microanalytical techniques
attention has tended to focus on the later stages of
specimen preparation, sectioning (discussed in Roomans
et al., 1982) and transfer to the electron microscope
(see, e.g., Frederik and Busing, 1981; Hagler and Buja,
1986) as points at which movement of elements could
occur. These possibilities have now been well discussed
(Hagler and Buja, 1984; Hagler, 1986; von Zglinicki and
Uhrik, 1988; von Zglinicki et al., 1988). However it is
essential to bear in mind that preparation of the
specimen for freezing is the most likely step at which
alteration in the distribution of elements may occur;
this is often overlooked.

The various methods which may used for preparing
tissues for freezing are: dissection of pieces small
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Discussion with Reviewers

S.H. Ashrafi: What was the percentage of
during freeze drying and up to what depth
cryofixation was obtained?

Author: I have not measured shrinkage of tissue during
freeze drying. Gross ice crystal damage was found after
a depth of about six myocytes.

shrinkage
the

S.H. Ashrafi: Did the author evaluate the relocation of
free ions during freeze drying of tissue following the
withdrawing ice crystal interface towards the center of
the specimen?

Author: 1 have measured myofibril element concentration
(i.e. cross-section of the myocyte) up to 5 myocytes
in from the epicardium. No gradient of element
centration was detected.

con—

S.H. Ashrafi: Where was the background subtracted for
elements in the spectrum?

Author: The quantitation program uses a filtered least
squares fitting routine for estimation of peak areas.
The continuum reading was takea in the iaterval 6-16

keV.

S.H. Ashrafi: Did warming of the freeze drying section
at room temperature during transfer of sections to the
microscope affect the redistribution of elements and
their concentrations in the specimen?

Author: I do not have access to a cold stage to be able
to undertake the experiments to assess whether there
was any redistribution of elements due to transfer at
and the
fact that the concentrations of Na and K are similar to
those obtained with other techniques suggests that this
is not a serious problem.

room temperature. I do take care at this step,

the high con—
P) S’

S.H. Ashrafi: Please comment about
centrations of Na and low concentrations of Mg,
Cl and K in the dissected tissues than in vivo.
Author: The alterations in concentrations in dissected
tissue are probably due to both damage and anoxia.

G.M. Roomans: The reason why the "cryoplier” technique
has not gained more widespread popularity seems to be
that many groups who tried the method noted a very
variable success rate. Could you give an indication of
the percentage of well frozen specimens that you have
obtained with your technique.

Author: I have now fixed material from ten animals and
have achieved successful freezing each time. I also
would like to point out that while I was undertaking
this work Bond et al. published work on heart tissue
which had been cryofixed using the Freon popsicles
method, it appears that snmap freezing of heart
tissue is becoming a recognised procedure.

SO
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T. von Zglinicki: T would expect that dry pliers should
give good results consistently, provided that they are
sufficiently polished. Please, state clearly whether
you compared dried or "wet” pliers.

Author: T have not tried deliberately to compare dry
and wet pliers. I think that it is difficult to ensure
that

the liquid nitrogen cooled pliers remain dry as
even the briefest exposure to the atmosphere results in
condensation.
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