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ABSTRACT

Againgt the background of the author's own research
results, an account is given of developments, over the
past 30 years, in the use of quantitative methods in opti-
cal light and electron microscopy of the liver, The liver
is used as an example to show that on top of the generally
knovn methods of stereology additional, quantitative
approaches, some of them in combination with each other,
are necessary to characterise biological structures. Such
approaches have been developed by the author, for example,
to determine relationships between cell organelles, on
the one hand, and gpecific bonding on the cell membrane,
on the other, with microvilli being an example, Combination
of quantitative results with qualitative agsessment of
cellular components is of decisgive importance to cellular
research and medical diegnosis, if conclusive findings are
to be achieved,

INTRODUCTION

While the major principles underlying the methods of
morphometry and stereology have been known for more than
a century, widespread application of these methods in
cellular research as well as in optical light and electron
microscopy was initiated only through the pace-making
studies of Blias and Veibel,

Yet, quantitative morphology was in existence even be-
fore the introduction of stereological methods and is
valid for certain problems even in our days, since there
is a number of quantitative questions to which no answers
can be found by means of the arsenal of stereological
methods,
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DIVERSITY and RELATIVITY of QUANTITATIVE METHODS in UTLTRA-
STRUCTURAL RESEARCH

Some developments and trends in quantitative morphology
will be outlined, with reference being made to experience
obtained by the author from his own ultrastructural regearch
on the liver,

1. Quantitative investigations of the liver, up to the
early fifties were concerned with cell counts and, in parti-
cular, with the amount of binuclear cells (2, 5, 8), This
problem is not even today tackled by means of stereological
methods, The problem of binuclearity and multinuclearity of
hepatocytes is related to the fact that all stereological
liver findings are related to mononuclear cells and that,
therefore, too high cell counts gtill are agsumed, so that
abgolute numbers of cell organelles and cell volumes are
derived which differ from reality. The amount of binuclear
cells in the liver of mouse, for example, was found to in-
creage from its normel level of 22,2 per cent to the order
of 46.8 per cent, following five days of absolute fasting.
The author and his co-workers have calculated the values
for both mononuclear and binuclear cells in an attempt to
find solutions to the problem (2, 8). Stereological fin-
dings for differentiation of both volume and organelle po-
pulation of mononuclear and binuclear hepatocytes were
first presented by them in 1983 (36).

Processes for liver homogenisation together with phase=
contrast microscopy enabled determination of the number
of mitochondris in one gram of liver tissue as well ag
conversion to the mononuclear hepatocytes (1), The author
thus succeeded in determining, under normal and patholo-
gical conditions and, particularly, in situations of feed
deficiency and starvation, values which were equivalent
to those obtained today by means of stereology (1, 5-8).

The author's own quantitative investigations of mono-
nuclear hepatocytes gave 1,630 + 70 mitochondria for the
adult mouse and 1,530 + 90 for adult rat, Dy consideration
of binuclear cells, figures would be 2,970 for mouse liver
and 2,450 for rat liver (8).

The stereologically determined value of mononuclear
cells (42) in adult rats, five month of age, was
1,595 + 39.8 and was thus in agreement with values ob-
tained from earlier studies,

Hence, even the quantitative morphological methods
used about 30 years ago were good enough for measurement
of several parameters, including alteration and change in
cell counts (2), certain cellular components of the liver,
such as cell nucleus volume (5, 8), number and size of
nucleoli (3-5, 8), number and volume of mitochondria
(1, 5-8), ag well as correlations between cellular compo-~
nents and cells, in other words, measurements undertaken
today by means of systems of automated microscopic image
analysig, less tedious and more elegant but with results
that are not basically different from what had been
achievable in the pasgt,
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2. Over the past two decades, the whole range of gtereo-= -
logical methods proved to be of decisive importance to wider
and more systematic knowledge of liver structures, as a
whole, and of hepatocytes, in particular. It was primarily
in correlation with functional and biochemical findings that
new insights were gained into the function of the liver under
normal and pathological conditions,

Knowledge has been built up by ultrastructural gtereology
about relationships between different components of the liver
as well as about relative and absolute values in the composi-
tion of hepatocytes under normal and pathological conditions,
Substantive variations among hepatocytes even under normal
conditions have been conspicuous findings, in that context.

Hepatocytes have been characterised in the following way
in great detail by the author and hig co-workers, usging the
established methodg of gtereology and taking into considera-
tion relevant results reported by other authors:

1, Volume of all hepatocytes (25, 29, 36, 41, 42)

2. Quantitative characterisation of cellular components

2,1, Cell nucleus (25, 30, 42) .

2,2, lMitochondria (21, 24, 31, 33=39, 42, 44-46)

2.3. Peroxigomes (28, 36, 37, 42) ,

2.4, TIndoplasmic reticulum, ribosomes, polysomes (13, 15,
19, 20, 27’ 31’ 33, 34 36’ 39) 42’ 44—46)

2,5. Golgi apparatus (27, 36, 37, 42)

2.6. ILysosomes (27, 31, 33, 36, 37, 42, 46)

2.7, Glycogen (26, 36, 42)

2,8, Lipids (26, 36, 42)

2,9, Groundplasm (36, 42)

2,10, Plasmemembrane (25, 29, 32, 36, 37, 42, 43, 47)

3. However, quantitative characterisation of hepatocytes
gave rise to new scientific problems which had been unknown
before, Improvement of existing and development of new me-
thods proved to be necessary, in that context, The author's
interest and research efforts were then primarily focussed
at the following complexes:

(a) An approach to quantitative characterisation of gpe-
cific hepatocytes under extraordinary conditions typical of
defined pathological changes, for example, formation of mini-
hepatocytes and macrohepatocytes, had to be devised with
reference to hepatocyte average populations (36, 42),

(b) A way of differentiation had %o be prepered among
all regions of hepatocytes, according to different functio-
nal performances., In that context, the vascular pole
(supranuclear sinusoidal zone) of the hepatocyte was found
to differ, for various parameters of its quantitative compo=
gition and modes of reaction, from the lateral zone and the
zone adjacent to biliary canaliculi (24, 42, 47), This had
substantive bearings upon the concept of the "perisinusoidal
functional unit"(48),

(¢) Only part of the relationship between cell organel-
les, as an expression of functional interactiong, can be
quantitatively measured by mesns of conventional stereology.
The author and his co-workers, starting and proceeding from
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stereological results, have methodically studied quentite-
tive characterisation of relationships between mitochondria
and granular endoplasmic reticulum, Changes likely to occur
in the course of development and due to pathological proces-
ges have been described (11, 14, 16, 42, 44),

(d) The dynamics of certain cell organelles under functio-
nal conditions and in response to pathological effects can
be determined only by combination of stereology with other
quantitative methods. This applies, for example, to relati-
ons between granular endoplasmic reticulum, agranular endo-
plasm reticulum, ribosomes, and polysomes. Knowledge of the
relations which exist between free and membrane-linked ribo-
gomes and polysomes is likely to widen understanding of pro-
tein biosynthesis processes in the hepatocyte and was a
prerequisite for exploration of the same processes and rela-
tions in other cell types, such as exocrine pancreas cellgs
and ganglial cells of the central nervous system (10, 13,
15, 18=20, 27, 42),

(e) The plasme membrane is to a great extent variably
structured in different regions of hepatocytes, This is one
of the reasons why no optimum solutions has so far been
found for stereological measurement of its part and its
differentiated modes of functional formation., The author
and his co-workers have responded to the challenge by deve- .
loping & combined method based on the agsumption of the
smooth hepatocyte surface as a rotational ellipsoid. Also,
due congideration is given to differentiated formation of
surface structures, with particular reference being made
to number, length, and volume of microvilli in the sinusoi-
dal zone and the zone adjacent to biliary canaliculi (25,
29, 32, 37, 42),

Surface enlargement is calculated by the following
method (32):
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The overall surface of the hepatocyte must be known
together with the sizes of the sinusoidal zone and the zone
adjacent to biliary canaliculi, The following values would
then be obtained for an adult hepatocyte of rat liver:

Surface, as rotational ellipsoid, 2,567 un® 5
Part of sinusoidal surface 20,8 %" 534/um
Part of surface adjacent to biliary 3.5 %: 90 2
canaliculi o 40 o
Number of sinusoldal microvilli 2,170
Number of biliary canaliculi wmicrovilli 340 2
Enlargement of ginugoidal surface x 1.7 = 929/um
Enlargement of surface adjacent to 2
biliary canaliculi X 1.4 = 125 ,um
Corrected surface of hepatocytes 3,192 /umé

This method has made it possible, for the first time, to
obtain information on surface enlargement of the cell
membrane of the vascular pole in hepatocytes under different
conditions, The number of microvilli at the vascular pole
of a hepatocyte, consequently, goes up from 1,074 at birth
to 4,679 at the age of 27 months,

TRENDS IN DEVELOPKMENT OF QUANTITATIVE METHODS FOR ULTRA-
STRUCTURAL RESEARCH

1. The use of quantitative methods, particularly stereo-
logy, in morphological studies on the bagig of optical light
and electron microscopy has added a brandnew quality to
many results and their objectivation,

2, The building of stereology cennot even today be con-
sidered as complete, Mathematical approaches can be further
improved, and methods can be devised for possible automation,
llethods can be also developed with specific applicability
to defined problems,

3. Vhile our knowledge about the cell has been expanded
by stereology to hardly determinable dimensions, it cannot
replace in biology end medicine the qualitative methods of
optical light and electron microscopy., In medico=biological
regearch and in medical diagnosis the unity of quentitative
and qualitative results is the very bagis for new insights,
since stereological findings may be attributable to a wide
range of different causes and pathological mechanisms.

4. Hence, at least at the ultragtructural level, fully
automatic measurement of parameters and evaluation of Te-
sults is not possible today and will not be practicable in
the future, The experienced examiner, selecting and deciding
the structural details for assessment and interpreting re-
sults against the background of unity of quantitative and
qualitative findings, will continue to be indispensable in
biology and medicine. Recognition of this unity and its
importance may be considered to be the most substantive
progress and achievement which have resulted from all
efforts to develop stereology for more understanding of

processes of life,
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