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The water content  of various cell organelles and 
the cytoplasm is an important parameter related to 
the life cycle and functional activity of the cell. 
The need to obtain quantitative data on the local 
content of  tissue dry mass and water content is 
dictated by two important circumstances: first, dry 
mass and water content  may change significantly 
in some pathological processes, this being mani- 
fested in edema and shrinking of organeUes, the 
ceils themselves, and the tissue as a whole [1,2], 
and second, data on the ionic content of the cell 
cytoplasm and various organelles, assessed by x-ray 
local microanalysis, are usually expressed in mmo- 
les per kg dry mass [3]. To convert these units 
of concentrat ion into the mmoles per liter of in- 
traceUular water which are used in cytophysiology 
and which are more easily interpreted, we need to 
know the local concentration of water or dry mass. 

To preserve intracellular water and ion distri- 
butions when making preparations, quick-freezing 
methods should be used, followed by the prepara- 
tion of ultracryosections, their transfer in the fro- 
zen state to the scanning electron microscope, and 
freeze drying [9]. Such a technique of preparation 
allows for satisfactory preservation of the ultrastruc- 
ture and distribution of dry matter and ions in the 
cells and their organdies.  

Use of  digital image analysis methods  not  
only helps map the dry mass and water distribu- 
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tion in the sections but also permits their detailed 
study at any site of the resultant image. 

In the present study the possibility was inves- 
tigated of using a dark-field electron-microscopic 
image of lO0-nm ultrathin freeze-dried sections for 
mapping dry mass and water in these sections. 

MATERIALS AND METHODS 

Experiments were carried out with isolated rat liver 
cells. The methods of suspension preparation were 
described previously [10]. A drop of suspension in 
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Fig. 1. Ca l ib ra t ion  curve r e f l ec t ing  re la t ionsh ip  be tween  
digi tal ized p ic ture  mean br ightness  and d a r k - - f i e l d  signal 
intensity in an electron microscope. 
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Pig.  2. M a p p i n g  o f  l oca l  c o n t e n t  of  w a t e r  a n d  d ry  mass .  a) d ig i ta l  i m a g e  of  100 n m  u l t r a c r y o s e c t i o n  o f  rat 
h e p a t o c y t e  s u s p e n s i o n  in  s e c o n d a r y  e l e c t r o n s  (N - cell n u c l e u s ,  Mc - m i t o c h o n d r i a ) ;  b) d r y  m a s s  d i s t r i bu t i o n  
m a p  in  u l t r a c ryosec t i on  of rat h e p a t o c y t e  s u s p e n s i o n  after convers ion  of d a r k - - f i e l d  s igna l  cu r ren t  s t reng th  va lues .  
Right:  scale  r e p r e s e n t i n g  d ry  m a s s  con t en t  as  16 d iscre te  va lue s  f rom 0% {black) to 50% (white); c) h e t e r o g e n e i t y  
of  d r y  m a s s  d i s t r i b u t i o n  in the  s a m e  s e c t i o n  a f t e r  r e c a l c u l a t i o n  with an  i n c l i n a t i o n  a n g l e  of  25 ~ W h i l e  p e a k s  
c o r r e s p o n d  to t he  h i g h e s t  d r y  m a s s  v a l u e s  (50%) in ra t  h e p a t o c y t e  sec t ion ;  d) w a t e r  d i s t r i b u t i o n  m a p  in 5 0 -  
100% range .  •  

normal saline was placed onto a special holder and 
immediate ly  frozen in hquid propane coo led  to - 
160~ with liquid nitrogen. The technique for pre- 
paring ultrathin frozen sections 100 rrm thick has 
also been described [9]. Frozen sections were dried 
at 138 K for 2-30 min after they had been  trans- 
ferred to a Siemens Elmiskop ST 100F scanning 
transmission electron microscope .  X-ray  spectra  
were analyzed by a SiLl detector  hooked up to a 
Link AN10000 x-ray analyzer (Great  Britain). 

Local dry mass in a sect ion was measured  
with an anglular dark-field detector situated under 
an objective diaphragm 30 g in diameter and elec- 
tron beam flux of  1.3 hA, the signal collection 
half-angle being less than 10 mrad. For  calibra- 
tion of  the relationship between the dark-field sig- 
nal and dry mass content ,  5 to 50% dextran so- 
lutions were used, f rom which sections were pre- 
pared in a similar manner .  The methodological  
particulars and theoretical rationale for the method 
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TABLE 1. Dry Mass Content in Various Compartments of 
Isolated Rat Liver Cells 

"t 

Hepatocyte Dry mass content Number of 
organelles (%, M + m )  masurements 

Nucleus 13.24---4.221 5 
Mitochondria 38.094• 25 
Cytoplasm 19.631 • 25 

used are  descr ibed in detai l  in an earl ier  pa- 
per [ 10]. 

A Link AN10000 x- ray  analyzer analog digi- 
tal converter was used to collect digital section ima- 
ges in the dark field. The image-processing package 
in this analyzer permitted point-by-point arithmetic 
operations on the digitalized image and allowed us 
to obtain, after the appropriate transformations, 
values of  local content  of dry mass or water. 

RESULTS 

Before carymg out any transformations on digital 
images, one should make sure that there is a lin- 
ear relationship between the dark-field signal cur- 
rent and  the digital image brightness. For  this 
purpose a calibration signal was fed to the analog- 
digital converter  input over the entire range of 
values which  were  to be expected from the real 
object (0.1• -7 - 1.0• -7 nm).  After complete  
image digitalization (128• dots, 8 bit per dot) 
the m e a n  brightness level per  frame and the stan- 
dard deviation were estimated. The resultant cali- 
bration curve is represented in Fig. 1), in which 
a strict l inear relationship between the digitalized 
signal brightness and the input  signal level is de- 
termined. For further estimation a linear regression 
equation was calculated: L=3.74+145.7• where L 
is the digitalized signal brightness level, and I is 
the amplifier output current  (in gA). 

Figure 2, a shows a scanning transmission ima- 
ge of ultrathin freeze-dried sections of isolated rat 
liver ceils dried in the microscope column. The  
nucleus and mi tochondr ia  are clearly seen. Dry 
mass distribution in the same section is shown in 
Fig. 2, b, with a scale on the right reflecting dry 
mass content .  The sixteen gradations on this scale 
(from black to white) make it possible to assess 
the local content  of  dry mass at any site of  this 
section within a range f rom 0 to 50%. The dry 
mass distribution varied widely in different hepa-  
tocyte compartments, being low in the nucleus and 
much higher in the mitochondria.  A more accurate 
analysis was carried out during an investigation of 
five different cells. The results are summarized in 
Table 1. The dry  mass con ten t  of the nucleus  
measured by averaging all points constituting the 

nuclear area) was 13.24+4.22%, whereas the dry 
mass content  of  the mi tochondr ia  and cytoplasm 
was 38.09+6.51 and 19.63_+4.47%, respectively. 

For a more graphic representat ion of the dis- 
tribution it is possible to convert the image into a 
three-dimensional isomeric form (Fig. 2, c), where 
white peak height determines dry mass content  in 
a given section. 

The local water conten t  m a y  be easily esti- 
mated f rom the ratio presented previously [10]: 
M ~ + M  =1, where M,u,. is the dry mass content  

M t the water content  at a given cell site. 
The resultant water distribution map is depicted in 
Fig. 2, d. A scale with a water content  range from 
50 to 100% is shown on the right. 

The maps of water and dry  mass distribution 
in isolated hepatocytes demonstrate a clear-cut het- 
erogeneity and considerable variability. Values of 
dry mass content  similar to our results were ob- 
tained in experiments with isolated fibroblast sus- 
pension [10]. The local redistribution of water and 
dry mass is known to be involved in pathological 
reactions of the body, such as choleragenic intoxi- 
cation [1,3], and in c o m m o n  hydroreceptor  adap- 
tation reactions, for example, the adaptation of  
B o m b y x  m o r i  to changes in environmental  humid-  
ity [8]. Knowledge of local water  redistribution in 
many  cases might help us bet ter  unders tand the 
mechanisms of physiological and pathological pro- 
cesses and their genesis. 

One more  factor which  prompted  us to de-  
velop the dry mass and water  mapping me thod  
was the fact that a study of  the quantitative dis- 
tribution of  ions in ultrathin freeze-dried sections 
of cells and tissues calls for the preparation of  fi- 
nal ionic charts in units used in physiology, that 
is, mmoles per liter of  intraceUular water. A vari- 
ety of methods for estimating dry mass using dif- 
ferent electron microscopic signals are known [4- 
7]. The scope of this paper does not  allow us to 
discuss all their  advantages and  shor t -comings .  
However, we believe mapping making use of digi- 
tal measurement of current strength in a dark field 
under  an electron microscope  operating in the 
scanning transmission mode  to be most effective, 
simplest, and at the same t ime sufficiently accu-  
rate method.  Still, we have to ment ion  in conclu-  
sion that  this me thod  m a y  be used only wi th  
ultrathin sections of a reproducible thickness up to 
500 nm. 
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Prior to any investigation, planning has to be car- 
ried out. We will call the planning primary if it 
concerns a study still to be begun, and secondary 
if we are dealing with a continuation of a study 
which is currently being performed. The methods 
of planning are different for different cases. 

The present publication is devoted to primary 
planning. 

Since, in contrast to the situation with secon- 
dary planning, information on the phenomena  of 
interest is generally not available for primary plan- 
ning, no recommendat ions  can be offered with 
respect to the total number of objects (animals, for 
example) to be involved in the study. This num-  
ber (N) is to be chosen by the researcher himself 
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or herself, based on intui t ion and the resources 
available. The goal of primary planning is to al- 
locate this collection of objects to groups, taking 
into account  that statistical comparison of  the 
means will be the main me thod  of mathematical  
processing. Primary planning ensures that actually 
existing differences of the mean  will be found with 
the highest probability. 

In the simplest investigation only two groups 
of objects are involved: control  and experimental. 
But more often than not, there will be a greater 
number of groups. Let K denote  the number  of 
groups. Assume that just one of the characteristics 
of the objects under study (for example, the weight 
of the liver) will be analyzed. Let H denote the 
total number of comparisons to be performed with 
respect to this parameter (second-order and op- 
tional comparisons are not  to be included in this 
number). Let us designate the groups of objects by 
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