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Sample Preparation for SIM Analysis 

translocation. However, it is the lateral resolution of the 
~naly!ical instru~ent and the · physiological process 
mvesugated that will determine the best choice for a freezing 
technique; for example, the mobility of the analyzed element is 
an important criterion in this choice. In our study, Fe (Fig.Sc) 
and Ca (Fig.8d) present an in vivo-like distribution, even in 
areas where K and Na have not been properly immobilized. 
There is evidence of ice crystal growth in the highly hydrated 
plasma, even at the contact surface with the cooling bath where 
a fine reticulation can be seen. Deeper in the sample, large 
crystals distorted the shape of the erythrocytes. These ice 
crystals may have grown during the freezing of the sample, or 
during its lyophilization at a rather high temperature (-55°C) 
that allowed ice recristallization. The dramatic regular decrease 
of the K+fNa+ ratio (Fig.5) in erythrocytes as a function of 
depth from the surface, suggests that ion redistribution took 
place during the freezing, due to the slowing down of the 
cooling rate across the sample. The slowing down of the 
cooling rate with increasing depth i's also evident from the 
presence of small ice crystals in deep erythrocytes (Fig.6). To 
avoid the problems associated with cryosectioning, 
cryosubstitution (for a review see Harvey, 1982) is often used 
to embed biological samples in plastic. Another technique 
(Bums and File, 1986) consists in freeze drying biological 
tissue prior to its plastic embedding without using intermediate 
solvents. In our study, we show that analytical images 
obtained from samples prepared following the latter 
embedding technique always present sharp boundaries and that 
submicromiter cavities due to ice crystal growth in 
erythrocytes are kept free of Na or K. These observations 
demonstrate that for our samples, the lateral extent of elemental 
translocation induced during the embedding technique is 
comparable or less than the lateral resolution of the UC-SIM 
and consequently much less than that of a conventional ion 
microscope. Linner et al. (1986) presented an advanced 
freeze-drying/embedding apparatus which is commercially 
available. 

Because of its ability to acquire simultaneously high 
lateral resolution elemental maps, and to quantify secondary 
ion signals from small selected areas of biological tissue, the 
UC-SIM offers an original way to evaluate the efficiency of 
cryofixation methods in regard to the immobilization of 
diffusible elements. 
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Discussion with Reviewers 

M S Burns· How do the authors know, for the 
cryofixation procedure, that the water was totally removed 
during the low temperature phase of the drying process and 
not while the sample was allowed to come to room 
temperature? If the sample warmed while it was still partially 
hydrated , the diffusion of electrolytes is possible . This 
procedure is unlike the one our laboratory has used, in which 
the sample is maintained at -30°C until after all the water is 
removed . 
G M Roomans· Are you certain that the blood samples 
were completely dry before embedding? Your results indicate 
that deep in the sample, Na and K must still have been mobile. 
Authors· If, despite the high freeze-drying temperature and 
the small size of the blood droplet (4µ1), the samples were not 
completely dry before warm-up or before embedding, and if 
the subsequent redistribution of Kand Na between plasma and 
erythrocytes was important enough to cause the observed 
decrease of the K/Na ratio deep in the sample, an 
homogenization of the erythrocyte content would have also 
most likely occur . The fact that submicrometer ion-free areas, 
corresponding to the growth of small ice crystals in deep 
erythrocytes (Fig .6), are maintained free of K and Na, 
strongly suggests that no diffusion occured after the 
sublimation of the ice crystals. 
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D S Sjmons· Fig. 6 shows submicrometer lateral 
localization of Na and K even though K/Na is lower by a 
factor of 4 compared to the near-surface image. Why isn't the 
lateral image more diffuse? An implicit conclusion that should 
be explicitly stated is that good lateral localization in ion maps 
does not prove that the ions remained stationary during 
preparation. 
Authors: It is true that if the ion diffusion occurs only before 
the embedding procedure, the ions will, after the removal of 
water, underline the biological structures of the tissue as it 
would be the case without diffusion. Therefore, sharp 
analytical maps do not prove that the ions remained stationary 
during preparation . However, diffusion during the embedding 
procedure could generate a concentration gradient along the 
biological structures , due to the presence of the ions in the 
plastic matrix that now fills the spaces previously occupied by 
water . 

G M Roomans· Have maps based on the signal for 
phosphorus (phosphate) been tried in order to provide 
information on morphology? 
Authors· Phosphorus maps (79PO3-) have been used in 
conventional SIMS, under 02+ bombardment, to localize 
nuclei in embedded tissue sections (Berry et al., 1986). When 
using the UC-SIM, the phosphate signals (PO-, PO2-, PO3· ), 
even acquired from phosphorus rich samples (chromosomes), 
are typically one to two order of magnitude lower than the CN· 
signal. For this reason, and because nuclei and other 
organelles are already clearly visible in high spatial resolution 
CN· images, no attempt has been made to use phosphate signal 
to get information on morphology. 
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